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POWER MOSFET PRODUCTS 


This MOSFET Databook offers an extensive line of power MOSFET products for use 
In a wide range of consumer, industrial and high-reliability applications. This 
databook contains detailed technical Information on the broad line of MOSFETs, 
Including standard power MOSFETs (the popular RF-series types, the IRF-series of 
industry replacement types, and JEDEC types), MegaFETs, logic-level power MOS¬ 
FETs (L^FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and 
radiation-hardened power MOSFETs. 

Separate data sections provide definitive ratings and characteristics for each major 
category of devices. Data pages for individual devices are organized in numeric/ 
alphanumeric sequence for each section. Because some devices are grouped 
together to show similarity of function or data, some individual types numbers may 
be out of sequence. If you have difficulty finding a type number, check the General 
Information Index, Section 1. 

It is our intention to provide you with the most up-to-date information on Power MOS¬ 
FET Products. For complete, current and detailed technical specifications on any 
Harris devices please contact the nearest Harris sales, representative or distributor 
office, listed at the end of the databook; or direct literature requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Meibourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 

See Section 14 for Information Available on AnswerFAX 
Phone: (407) 724-7800 


Harris Semiconductor products are soid by description oniy. AH specifications in this product guide are 
appiicabie oniy to packaged products: specifications for die are avaiiabie upon request Harris reserves the 
right to make changes in circuit design, specifications and other information at any time without prior 
notice. Accordingiy, the reader is cautioned to verify that information in this pubiication is current before 
piacing orders. Reference to products of other manufacturers are soieiy for convenience of comparison 
and do not impiy total equivalency of design, performance, or otherwise. 
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TECHNICAL ASSISTANCE 


For technical assistance on the Harris products listed in this databook, 
please contact the Field Applications Engineering staff available at one of the follow¬ 


ing Harris Sales Offices: 

UNITED STATES 

CALIFORNIA Costa Mesa.714-433-0600 

San Jose.408-985-7322 

FLORIDA Palm Bay.407-729-4984 

GEORGIA Duluth...404-476-2035 

ILLINOIS Schaumburg.708-240-3480 

INDIANA Carmel.317-843-5180 

MASSACHUSETTS Burlington.617-221-1850 

NEW JERSEY Voorhees.609-751-3425 

NEW YORK Hauppauge.516-342-0291 

Wappingers Falls.914-298-1920 

TEXAS Dallas.214-733-0800 

INTERNATIONAL 

FRANCE Paris.. 33-1 -346-54046 

GERMANY Munich. 49-89-63813-0 

HONG KONG Kowloon.852-723-6339 

ITALY Milano. 39-2-262-0761 

JAPAN Tokyo. 81-3-3265-7571 

KOREA Seoul. 82-2-551-0931 

SINGAPORE Singapore.65-291 -0203 

TAIWAN Taipei. 886-2-716-9310 

UNITED KINGDOM Camberley. 44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
Harris AnswerFAX for immediate fax service at 407-724-7800 
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IRF711R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF712 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF712R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF713 N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-336 

IRF713R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF720 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF720R N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-341 

IRF721 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF721R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF722 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF722R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF723 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF723R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF730 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF730R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF731 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF731R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF732 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF732R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF733 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF733R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF740 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

IRF740R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

IRF741 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 
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1RF742 

!RF742R 

IRF743 

IRF743R 

IRF820 

IRF820R 

IRF821 

IRF821R 

IRF822 

IRF822R 

IRF823R 

IRF823R 

IRF830 

IRF830R 

IRF831 

IRF831R 

IRF832 

IRF832R 

IRF833 

IRF833R 

IRF840 

IRF840R 

IRF841 

IRF841R 

IRF842 

IRF842R 

IRF843 

IRF843R 

IRF9130 

IRF9131 

IRF9132 

IRF9133 

IRF9140 

IRF9141 

IRF9142 

IRF9143 

IRF9150 

IRF9151 

IRF9230 

IRF9231 

IRF9232 

IRF9233 

IRF9240 

IRF9241 

IRF9242 

IRF9243 

IRF9510 

IRF9511 

IRF9512 


PAGE 


N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-34 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-34 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-34 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-34 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-39 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-39 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-39 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-39 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-44 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-44 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-50 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-50 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-50 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-50 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-55 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-55 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-55 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-55 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-60 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-60 

Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-60 
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IRF9513 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-60 

IRF9520 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-65 

IRF9521 Avalanche-Energy-Rated P-Channel Power MOSFETs .. 5-65 

IRF9522 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-65 

IRF9523 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-65 

IRF9530 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-70 

IRF9531 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-70 

IRF9532 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-70 

IRF9533 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-70 

IRF9540 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-75 

IRF9541 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-75 

IRF9542 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-75 

IRF9543 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-75 

IRF9620 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-80 

IRF9621 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-80 

IRF9622 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-80 

IRF9623 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-80 

IRF9630 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-85 

IRF9631 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-85 

IRF9632 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-85 

IRF9633 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-85 

IRF9640 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-90 

IRF9641 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-90 

IRF9642 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-90 

IRF9643 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-90 

IRFAC40R N-Channel Power MOSFETs Avalanche Energy Rated. 4-371 

IRFAC42R N-Channel Power MOSFETs Avalanche Energy Rated. 4-371 

IRFBC40R N-Channel Power MOSFETs Avalanche Energy Rated. 4-377 

IRFBC42R N-Channel Power MOSFETs Avalanche Energy Rated. 4-377 

IRFD110 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD110R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD111 N-Channel Power MOSFETs Avalanche Energy Rated* .. 4-383 

IRFD111R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD112 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD112R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD113 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD113R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD120 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD120R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD121 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD121R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD122 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD122R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD123 N-Channel Power MOSFETs Avalanche Energy Rated* ... 4-388 

IRFD123R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD1Z0 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD1Z1 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD1Z2 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD1Z3 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD210 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 
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IRFD210R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD211 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD211R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD212 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD212R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD213 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD213R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD220 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD220R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD221 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD221R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD222 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD222R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD223 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD223R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD2Z0 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD2Z1 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD2Z2 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD2Z3 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD310 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD310R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD311 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD311R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD312 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD312R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD313 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD313R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD320 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD320R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD321 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD321R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD322 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD322R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD323 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD323R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-411 

IRFD9110 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-95 

IRFD9113 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-95 

IRFD9120 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-100 

IRFD9123 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-100 

IRFD9220 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-105 

IRFD9223 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-105 

IRFF110 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF110R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF111 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF111R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF112 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF112R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF113 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF113R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF120 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 
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IRFF120R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF121 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF121R N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-428 

IRFF122 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF122R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF123 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF123R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF130 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF130R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF131 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF131R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF132 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF132R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF133 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF133R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

1RFF210 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF210R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF211 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF211R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF212 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF212R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF213 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF213R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF220 N-Channel Power MOSFETs Avalanche Energy Rated* 4-443 

IRFF220R N-Channel Power MOSFETs Avalanche Energy Rated* 4-443 

IRFF221 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-443 

IRFF221R N-Channel Power MOSFETs Avalanche Energy Rated* 4-443 

1RFF222 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-443 

IRFF222R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-443 

IRFF223 N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-443 

IRFF223R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-443 

IRFF230 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

iRFF230R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF231 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF231R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF232 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

1RFF232R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF233 N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-448 

IRFF233R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF310 N-Channel Power MOSFETs Avalanche Energy Rated*. . 4-453 

IRFF310R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF311 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF311R N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-453 

IRFF312 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF312R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF313 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF313R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF320 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF320R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF321 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 
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IRFF321R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF322 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF322R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF323 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF323R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF330 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF330R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF331 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF331R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF332 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF332R N-Chanhel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF333 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF333R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF420 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF420R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF421 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF421R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF422 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF422R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF423 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF423R N-Channel Power MOSFETs Avalanche Energy Rated* ... 4-468 

IRFF430 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF430R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF431 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF431R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF432 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF432R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF433 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF433R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF9120 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-110 

IRFF9121 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-110 

IRFF9122 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-110 

IRFF9123 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-110 

IRFF9130 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-115 

IRFF9131 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-115 

IRFF9132 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-115 

IRFF9133 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-115 

IRFF9220 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-120 

IRFF9221 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-120 

IRFF9222 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-120 

IRFF9223 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-120 

IRFF9230 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-125 

IRFF9231 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-125 

IRFF9232 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-125 

IRFF9233 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-125 

IRFP140R N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP141R N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP142R N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP143R N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP150 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 
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IRFP150R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP151 N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-483 

IRFP151R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP152 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP152R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP153 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP153R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP240R N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP241R N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP242R N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP243R N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP244 N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP245 N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP246 N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP247 N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP250 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP250R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP251 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP251R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP252 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP252R N-Channel Power MOSFETs Avalanche Energy Rated* 4-498 

IRFP253 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP253R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP254 N-Channel Power MOSFETs Avalanche Energy Rated. 4-503 

IRFP255 N-Channel Power MOSFETs Avalanche Energy Rated 4-503 

IRFP256 N-Channel Power MOSFETs Avalanche Energy Rated. 4-503 

IRFP257 N-Channel Power MOSFETs Avalanche Energy Rated 4-503 

IRFP340R N-Channel Power MOSFETs Avalanche Energy Rated 4-508 

IRFP341R N-Channel Power MOSFETs Avalanche Energy Rated. 4-508 

IRFP342R N-Channel Power MOSFETs Avalanche Energy Rated. 4-508 

IRFP343R N-Channel Power MOSFETs Avalanche Energy Rated. 4-508 

IRFP350 N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-513 

IRFP350R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP351 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP351R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP352 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP352R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP353 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFff353R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFl|»360 N-Channel Power MOSFETs Avalanche Energy Rated. 4-518 

IRFp362 N-Channel Power MOSFETs Avalanche Energy Rated 4-518 

IRFP440R N-Channel Power MOSFETs Avalanche Energy Rated. 4-523 

IRFP441R N-Channel Power MOSFETs Avalanche Energy Rated. 4-523 

IRFP442R N-Channel Power MOSFETs Avalanche Energy Rated.. 4-523 

IRFP443R N-Channel Power MOSFETs Avalanche Energy Rated. 4-523 

IRFP450 N-Channel Power MOSFETs Avalanche Energy Rated*. . 4-528 

IRFP450R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP451 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP451R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP452 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 
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IRFP452R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP453 N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP453R N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP460 N-Channel Power MOSFETs Avalanche Energy Rated. 4-533 

IRFP462 N-Channel Power MOSFETs Avalanche Energy Rated. 4-533 

IRFP9140 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-130 

IRFP9141 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-130 

IRFP9142 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-130 

IRFP9143 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-130 

IRFP9150 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-135 

IRFP9151 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-135 

IRFP9240 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-140 

IRFP9241 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-140 

IRFP9242 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-140 

IRFP9243 Avalanche Energy-Rated P-Channel Power MOSFETs. 5-140 

IRFPC40R N-Channel Power MOSFETs Avalanche Energy Rated. 4-538 

IRFPC42R N-Channel Power MOSFETs Avalanche Energy Rated. 4-538 

IRFPG40 High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-544 

IRFPG42 High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistors .. 4-544 

IRFR110 N-Channel Power MOSFETs Avalanche Energy Rated. 4-549 

IRFR120 N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFR121 N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFR214 N-Channel Power MOSFETs Avalanche Energy Rated. 4-560 

IRFR220 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFR221 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFR222 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFR320 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFR321 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFR322 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFR410 1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 

Power MOSFETs. 4-575 

IRFR420 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFR421 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFR422 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFU110 N-Channel Power MOSFETs Avalanche Energy Rated. 4-549 

IRFU120 N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFU121 N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFU214 N-Channel Power MOSFETs Avalanche Energy Rated. 4-560 

IRFU220 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFU221 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFU222 N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFU320 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFU321 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFU322 N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFU410 1.5A. 500V Avalanche Energy Rated N-Channel Enhancement Mode 

Power MOSFETs.. 4-575 

IRFU420 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFU421 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFU422 N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

RFA100N05E N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFETs). 4-778 
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RFB18N10CS Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor. 7-3 

RFD3N08L N-Channel Logic Level Power Field Effect Transistors. 9-3 

RFD3N08LSM N-Channel Logic Level Power Field Effect Transistors.. 9-3 

RFD4N06L N-Channel Logic Level Power Field Effect Transistors.. 9-5 

RFD4N06LSM N-Channel Logic Level Power Field Effect Transistors. 9-5 

RFD7N10LE 7A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-56 

RFD7N10LESM 7A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-56 

RFD12N06RLE N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 6-70 

RFD12N06RLESM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 6-70 

RFD14N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-675 

RFD14N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-79 

RFD14N05LSM N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-79 

RFD14N05SM N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-675 

RFD16N05 N-(Dhannel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-690 

RFD16N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-88 

RFD16N05LSM • N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-88 

RFD16N05SM N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-690 

RFD16N06LE 16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-93 

RFD16N05LSM 16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-93 

RFD3055 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

Power MOSFETs (MegaFETs). 4-653 

RFD3055SM 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

Power MOSFETs (MegaFETs). 4-653 

RFD8P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-161 

RFD8P05SM P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-161 

RFD10P03L 10A, -30V, Avalanche Rated, Logic Level P-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-124 

RFD10P03LSM 10A, -30V, Avalanche Rated, Logic Level P-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-124 

RFD15P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-178 

RFD15P05SM P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-178 

RFG40N10 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-731 

RFG45N06 45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-736 

RFG50N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-750 

RFG50N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 6-119 

RFG50N06 50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-755 

RFG70N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-767 

RFG75N05E N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-773 

RFG30P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-187 

RFG30P06 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-192 

RFG60P05E P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-197 

RFG60P06E P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-197 

RFG70N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-767 

RFH10N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-645 

RFH10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-645 

RFH12N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-666 
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RFH12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-666 

RFH25N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-707 

RFH25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-707 

RFH30N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-715 

RFH30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-715 

RFH35N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-723 

RFH35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-723 

RFH45N05 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-742 

RFH45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-742 

RFH75N05E N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-773 

RFH25P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFH25P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFK25N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-711 

RFK25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-711 

RFK30N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-719 

RFK30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-719 

RFK35N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-727 

RFK35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors... 4-727 

RFK45N05 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-746 

RFK45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-746 

RFK25P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFK25P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFL1N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-585 

RFL1N08L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-19 

RFL1N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-585 

RFL1N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-19 

RFL1N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-589 

RFL1N12L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-23 

RFL1N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-589 

RFL1N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-23 

RFL1N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-593 

RFL1N18L N-Channel Logic Level Power Field-Effect Transistors (L^FET) .. 6-27 

RFL1N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-593 

RFL1N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-27 

RFL2N05 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-597 

RFL2N05L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-31 

RFL2N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-597 

RFL2N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-31 

RFL4N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-621 

RFL4N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-621 

RFL1P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-145 

RFL1P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-145 

RFM3N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFM3N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFM4N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-625 

RFM4N40 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-625 

RFM6N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-633 

RFM6N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-633 

RFM7N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 

RFM7N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 
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RFM8N18L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-62 

RFM8N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-62 

RFM10N12 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-641 

RFM10N12L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-66 

RFM1 ONI5 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-641 

RFM10N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-66 

RFM10N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-649 

RFM10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-649 

RFM12N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFM12N08L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-75 

RFM12N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFM12N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-75 

RFM12N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFM12N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFM12N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-671 

RFM12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-671 

RFM15N05 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-680 

RFM15N05L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-84 

RFM15N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-680 

RFM15N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-84 

RFM15N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-686 

RFM15N15 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-686 

RFM18N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFM18N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFM5P12 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFM5P15 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFM6P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFM6P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFM8P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFM8P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFM10P12 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFM10P15 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFM12P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. . 5-174 

RFM12P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-174 

RFP2N08 N-Channel Enhancement-Mode Power Field-Effect Transistors... 4-601 

RFP2N08L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-40 

RFP2N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-601 

RFP2N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-40 

RFP2N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-605 

RFP2N12L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-44 

RFP2N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-605 

RFP2N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-44 

RFP2N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-609 

RFP2N18L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-48 

RFP2N20 N-Channel Enhancement-Mode Power Field-Effect Transistors... 4-609 

RFP2N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-48 

RFP3055 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

Power MOSFETs (MegaFETs). 4-653 

RFP4N05 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-617 

RFP4N05L N-Channel Logic Level Power Field-Effect Transistors (L^FET) .. 6-52 
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RFP4N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-617 

RFP4N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-52 

RFP4N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-625 

RFP4N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-625 

RFP4N100 High Voltage N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-629 

RFP17N06L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-99 

RFP25N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-103 

RFP25N06L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (L^FET) ... 6-108 

RFP22N10 N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET). 4-698 

RFP25N05 N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET). 4-702 

RFP3N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFP3N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFP6N45 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-633 

RFP6N50 N-Channel Enhancement-Mode Power Field-Effect Transistors... 4-633 

RFP7N10LE 7A, 100V, ESD Rated, Avalanche Rated, Logic Levei N-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-56 

RFP7N35 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 

RFP7N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 

RFP10N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-641 

RFP1 ON 15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-641 

RFP12N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFP12N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFP12N18 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFP12N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFP15N05 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-680 

RFP15N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-680 

RFP15N12 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-686 

RFP15N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-686 

RFP18N08 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFP18N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFP8N18L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-62 

RFP8N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-62 

RFP10N12L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-66 

RFP10N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-66 

RFP12N08L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-75 

RFP12N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-75 

RFP15N05L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-84 

RFP15N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-84 

RFP12N06RLE N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 6-70 

RFP14N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-675 

RFP14N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors. 6-79 

RFP15N08L N-Channel Logic Level Power Field-Effect Transistor. 9-7 

RFP25N05 N-Channel Enhancement-Mode Power Field-Effect Transistor (MegaFET). 4-702 

RFP30N06LE 30A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFET (MegaFET). 6-113 

RFP3055 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

Power MOSFETs (MegaFETs). 4-653 

RFP40N10 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-731 

RFP50N05 N-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 4-750 

RFP50N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors (MegaFETs) 6-119 
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RFP50N06 50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-755 

RFP70N03 70A, 30V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFET (MegaFET).. 4-761 

RFP70N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-767 

RFP2P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-149 

RFP2P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-149 

RFP5P12 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFP5P15 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFP6P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFP6P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFP8P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-161 

RFP8P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFP8P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFP10P03L 10A, -30V, Avalanche Rated, Logic Level P-Channel 

Enhancement-Mode Power MOSFETs (MegaFETs). 6-124 

RFP10P12 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFP10P15 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFP12P08 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-174 

RFP12P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-174 

RFP15P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-178 

RFP30P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-187 

RFP30P06 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs). 5-192 

RFP45N06 45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-736 

RFV10N50BE 10A, 500V, Fast Switching N-Channel Enhancement-Mode Power MOSFETs. 7-8 

RFW2N06RLE N-Channel Logic Level Power Field-Effect Transistors. 6-35 

RLP1N06CLE Voltage-Clamping Current-Limiting ESD-Protected N-Channel Enhancement-Mode 

Power Field-Effect Transistor. 7-13 

RLP1N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor.. 7-20 

RLP5N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 7-27 
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RFB18N10CS Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor 7-3 

RFV10N50BE 10A, 500V, Fast Switching N-Channel Enhancement-Mode Power MOSFETs . 7-8 

RLP1N06CLE Voltage-Clamping Current-Limited ESD-Protected N-Channel 

Enhancement-Mode Power Field-Effect Transistor. 7-13 

RLP1N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 7-20 

RLP5N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 7-27 
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LOGIC LEVEL POWER MOSFET DATA SHEETS 

2N6901 N-Channel Logic Level Power MOS Field-Effect Transistor (L^FET). 6-3 

2N6902 N-Channel Logic Level Power MOS Field-Effect Transistor (L^FET). 6-7 

2N6903 N-Channel Logic Level Power MOS Field-Effect Transistor (L^FET). 6-11 

2N6904 N-Channel Logic Level Power MOS Field-Effect Transistor (L^FET). 6-15 

RFL1N08L, RFL1N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-19 

RFL1N12L, RFL1N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-23 

RFL1N18L, RFL1N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-27 

RFL2N05L, RFL2N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-31 

RFW2N06RLE N-Channel Logic Level Power Field-Effect Transistor. 6-35 

RFP2N08L, RFP2N10L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-40 

RFP2N12L. RFP2N15L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-44 

RFP2N18L. RFP2N20L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-48 

RFP4N05L, RFP4N06L N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-52 

RFD7N10LE, 7A, 100V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

RFD7N10LESM, Enhancement-Mode Power MOSFETs (MegaFETs). 6-56 

RFP7N10LE 

RFM8N18Ly20L, N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-62 

RFP8N18L/20L 

RFM10N12L/15L, N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-66 

RFP10N12L/15L 

RFD12N06RLE, N-Channel Logic Level Enhancement-Mode Power Field-Effect 

RFD12N06RLESM, Transistors (MegaFETs). 6-70 

RFP12N06RLE 

RFM12N08L/10L, N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-75 

RFP12N08L710L 

RFD14N05L/05LSM, N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ... 6-79 

RFP14N05L 

RFM15N05L/06L, N-Channel Logic Level Power Field-Effect Transistors (L^FET). 6-84 

RFP15N05L/06L 

RFD16N05L, N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors ... 6-88 

RFD16N05LSM 

RFD16N06LE, 16A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

RFD16N06LESM Enhancement-Mode Power MOSFETs (MegaFETs). 6-93 

RFP17N06L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistor.... 6-99 

RFP25N05L N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistor_ 6-103 

RFP25N06L N-Channel Logic Level Enhancement-Mode Power Field-Effect 

Transistor (L^FET). 6-108 

RFP30N06LE 30A, 60V, ESD Rated, Avalanche Rated, Logic Level N-Channel 

Enhancement-Mode Power MOSFET (MegaFET). 6-113 

RFP50N05L, N-Channel Logic Level Enhancement-Mode Power Field-Effect Transistors 

RFG50N05L (MegaFETs). 6-119 

RFD10P03L, 10A, -30V, Avalanche Rated, Logic Level P-Channel 

RFD10P03LSM, Enhancement-Mode Power MOSFETs (MegaFETs). 6-124 

RFP10P03L 
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N-CHANNEL POWER MOSFET DATA SHEETS 

2N6755,2N6756 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-7 

2N6757,2N6758 N-Channel Enhancement-Mode Power Field-Effect Transistors.. 4-11 

2N6759,2N6760 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-15 

2N6761, 2N6762 N-Channel Enhancement-Mode Power Field-Effect Transistors... 4-19 

2N6763,2N6764 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors .. 4-23 

2N6765,2N6766 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-27 

2N6767, 2N6768 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors. 4-31 

2N6769, 2N6770 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors. 4-35 

2N6782 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-39 

2N6784 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-44 

2N6786 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-49 

2N6788 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-54 

2N6790 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-59 

2N6792 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-64 

2N6794 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-69 

2N6796 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-74 

2N6798 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-79 

2N6800 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-84 

2N6802 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor.. 4-89 

BUZ11 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-94 

BUZ20 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-98 

BUZ21 N-Channel Enhancement-Mode Power Field-Effect Transistor.. 4-102 

BUZ32 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-107 

BUZ351 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-112 

BUZ41A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-116 

BUZ42 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-120 

BUZ45 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-125 

BUZ45A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-129 

BUZ45B N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-133 

BUZ60 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-137 

BUZ60B N-Channel Enhancement-Mode Power Field-Effect Transistor.... 4-141 

BUZ71 N-Channel Enhancement-Mode Power Field-Effect Transistor.. 4-145 

BUZ71A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-150 

BUZ72A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-155 

BUZ73A N-Channel Enhancement-Mode Power Field-Effect Transistor. . 4-159 

BUZ76 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-163 

BUZ76A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-167 

IRF120, IRF121, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-171 

IRF122. IRF123 

IRF130/131/132/133, N-Channel Power MOSFETs Avalanche Energy Rated*.4-176 

IRF130R/131R/132R/133R 

IRF140/141/142/143, N-Channel Power MOSFETs Avalanche Energy Rated*... 4-181 

IRF140R/141R/142R/143R 
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IRF150/151/152/153, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-186 

IRF150R/151R/152R/153R 

IRF220, IRF221, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-191 

IRF222. IRF223 

IRF230/231/232/233, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-196 

IRF230R/231R/232R/233R 

IRF234. IRF235. N-Channel Power MOSFETs Avalanche Energy Rated. 4-201 

IRF236. IRF237 

IRF240/241/242/243. N-Channel Power MOSFETs Avalanche Energy Rated*. 4-206 

IRF240R/241R/242R/243R 

IRF244, IRF245, N-Channel Power MOSFETs Avalanche Energy Rated. 4-211 

IRF246, IRF247 

IRF250/251/252/253, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-216 

IRF250R/251R/252R/253R 

IRF254, IRF255, N-Channel Power MOSFETs Avalanche Energy Rated. 4-221 

IRF256, IRF257 

IRF320, IRF321, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-226 

IRF322, IRF323 

IRF330/331/332/333, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-231 

IRF330R/331R/332R/333R 

IRF340/341/342/343, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-236 

IRF340R/341R/342R/343R 

IRF350/351/352/353, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-241 

IRF350R/351R/352R/353R 

IRF360, IRF362 N-Channel Power MOSFETs Avalanche Energy Rated. 4-246 

IRF420, IRF421, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-251 

IRF422, IRF423 

IRF430/431/432/433, N-Channel Power MOSFETs Avalanche Energy Rated*... 4-256 

IRF430R/431R/432R/433R 

IRF440/441/442/443, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-261 

IRF440R/441R/442R/443R 

IRF450/451/452/453, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-266 

IRF450R/451R/452R/453R 

IRF460, IRF462 N-Channel Power MOSFETs Avalanche Energy Rated. 4-271 

IRF510/511/512/513, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-276 

IRF510R/511R/512R/513R 

IRF520/521/522/523, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-281 

IRF520R/521R/522R/523R 

IRF530/531/532/533, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-286 

IRF530R/531R/532R/533R 

IRF540/541/542/543, N-Channel Power MOSFETs Avalanche Energy Rated*. . 4-291 

IRF540R/541R/542R/543R 

IRF610/611/612/613, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-296 

IRF610R/611R/612R/613R 

IRF614 N-Channel Power MOSFET Avalanche Energy Rated. 4-301 

IRF620/621/622/623, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-306 

IRF620R/621R/622R/623R 

IRF624, IRF625, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-311 

IRF626, IRF627 
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IRF630/6317632/633, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-316 

IRF630R/631R/632R/633R 

IRF634, IRF635, N-Channel Power MOSFETs Avalanche Energy Rated. 4-321 

IRF636. IRF637 

1RF640/6417642/643, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-326 

IRF640R/641R/642R/643R 

IRF644, IRF645, N-Channel Power MOSFETs Avalanche Energy Rated. 4-331 

IRF646, IRF647 

IRF710/711/712/713, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF71 OR/711R/712R/713R 

IRF720/721/722/723, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF720R/721R/722R/723R 

IRF730/7317732/733, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF730R/731R/732R/733R 

IRF740/741/742/743, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

IRF740R/741R/742R/743R 

IRF820/821/822/823, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

IRF820R/821R/822R/823R 

IRF830/8317832/833, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

IRF830R/831R/832R/833R 

IRF840/8417842/843, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

IRF840R/841R/842R/843R 

IRFAC40R/42R N-Channel Power MOSFET Avalanche Energy Rated. 4-371 

IRFBC40R/42R N-Channel Power MOSFET Avalanche Energy Rated. 4-377 

IRFD110/111/112/113, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD110R/111R/112R/113R 

IRFD120/121/122/123, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD120R/121R/122R/123R 

IRFDIZO, IRFD1Z1, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD1Z2, IRFD1Z3 

IRFD210/211/212/213, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD210R/211R/212R/213R 

IRFD220/221/222/223, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD220R/221R/222R/223R 

IRFD2Z0, IRFD2Z1, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD2Z2, IRFD2Z3 

IRFD310/311/312/313, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-413 

IRFD31 OR/311R/312R/313R 

IRFD320/321/322/323, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD320R/321R/322R/323R 

IRFF110/111/112/113, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF110R/111R/112R/113R 

IRFF120/121/122/123, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF120R/121R/122R/123R 

IRFF130/131/132/133, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF130R/131 R/132R/133R 

IRFF210/211/212/213, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF210R/211R/212R/213R 

IRFF220/221/222/223, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-443 

IRFF220R/221R/222R/223R 
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IRFF230/2317232/233, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF230R/231R/232R/233R 

IRFF310/311/312/313, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF31 OR/311R/312R/313R 

IRFF320/321/322/323, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF320R/321R/322R/323R 

IRFF330/331/332/333, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF330R/331R/332R/333R 

IRFF420/421/422/423, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF420R/421R/422R/423R 

IRFF430/4317432/433, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF430R/431R/432R/433R 

IRFP140R, IRFP141R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP142R, IRFP143R 

IRFP150/151/152/153, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP150R/151R/152R/153R 

IRFP240R, IRFP241R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP242R, IRFP243R 

IRFP244, IRFP245, N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP246, IRFP247 

IRFP250/251/252/253, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-498 

IRFP250R/251R/252R/253R 

IRFP254, IRFP255, N-Channel Power MOSFETs Avalanche Energy Rated. 4-503 

IRFP256, IRFP257 

IRFP340R, IRFP341R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-508 

IRFP342R, IRFP343R 

IRFP350/351/352/353, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP350R/351R/352R/353R 

IRFP360, IRFP362 N-Channel Power MOSFETs Avalanche Energy Rated. 4-518 

IRFP440R, IRFP441R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-523 

IRFP442R, IRFP443R 

IRFP450/451/452/453, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP450R/451R/452R/453R 

IRFP460, IRFP462 N-Channel Power MOSFETs Avalanche Energy Rated. 4-533 

IRFPC40R, IRFPC42R N-Channel Power MOSFETs Avalanche Energy Rated. 4-538 

IRFPG40, IRFPG42 High Voltage N-Channel Enhancement-Mode Power 

Field-Effect Transistors. 4-544 

IRFR110, IRFU110 N-Channel Power MOSFETs Avalanche Energy Rated. 4-549 

IRFR120, IRFR121, N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFU120, IRFU121 

IRFR214, IRFU214 N-Channel Power MOSFETs Avalanche Energy Rated. 4-560 

IRFR220/221/222. N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFU220/221/222 

IRFR320/321/322, N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFU320/321/322 

IRFR410, IRFU410 1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 

Power MOSFETs. 4-575 

IRFR420/421/422, N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFU420/421/422 
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RFL1 NOS, RFL1N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-585 

RFL1N12, RFL1N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-589 

RFL1N18, RFL1N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-593 

RFL2N05, RFL2N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-597 

RFP2N08, RFP2N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-601 

RFP2N12, RFP2N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-605 

RFP2N18, RFP2N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-609 

RFM3N45, RFM3N50, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFP3N45, RFP3N50 

RFP4N05, RFP4N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-617 

RFL4N12, RFL4N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-621 

RFM4N35, RFM4N40, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-625 

RFP4N35, RFP4N40 

RFP4N100 High Voltage N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 4-629 

RFM6N45, RFM6N50, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-633 

RFP6N45, RFP6N50 

RFM7N35, RFM7N40, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 

RFP7N35, RFP7N40 

RFM10N12, RFM10N15, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-641 

RFP10N12, RFP10N15 

RFH10N45, RFH10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-645 

RFM10N45, RFM10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-649 

RFD3055, RFD3055SM, 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

RFP3055 Power MOSFETs (MegaFETs). 4-653 

RFM12N08, RFM12N10, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFP12N08, RFP12N10 

RFM12N18, RFM12N20, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFP12N18. RFP12N20 

RFH12N35, RFH12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-666 

RFM12N35, RFM12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-671 

RFD14N05, RFD14N05SM, N-Channel Enhancement-Mode Power Field-Effect Transistors 

RFP14N05 (MegaFETs). 4-675 

RFM15N05, RFM15N06, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-680 

RFP15N05, RFP15N06 

RFM15N12, RFM15N15, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-686 

RFP15N12, RFP15N15 

RFD16N05, RFD16N05SM N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-690 

RFM 18N08, RFM 18N10, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFP18N08, RFP18N10 

RFP22N10 N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET). 4-698 

RFP25N05 N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET). 4-702 

RFH25N18, RFH25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-707 

RFK25N18, RFK25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-711 

RFH30N12, RFH30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-715 
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RFK30N12, RFK30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-719 

RFH35N08, RFH35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-723 

RFK35N08, RFK35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-727 

RFG40N10, RFP40N10 N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-731 

RFG45N06, RFP45N06 45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-736 

RFH45N05, RFH45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-742 

RFK45N05, RFK45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-746 

RFP50N05, RFG50N05 N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-750 

RFG50N06, RFP50N06 50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-755 

RFP70N03 70A, 30V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFET (MegaFET). 4-761 

RFG70N06, RFP70N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-767 

RFG75N05E, RFH75N05E N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-773 

RFA100N05E N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET). 4-778 

P-CHANNEL POWER MOSFET DATA SHEETS 

2N6804 Avalanche-Energy-Rated P-Channel Power MOSFET. 5-3 

2N6849 Avalanche-Energy-Rated P-Channel Power MOSFET. 5-8 

2N6851 Avalanche-Energy-Rated P-Channel Power MOSFET. 5-13 

2N6895 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 5-18 

2N6896 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 5-22 

2N6897 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 5-26 

2N6898 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 5-30 

IRF9130, IRF9131, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-34 

IRF9132, IRF9133 

1RF9140, IRF9141, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-39 

IRF9142, IRF9143 

IRF9150, IRF9151 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-44 

IRF9230, IRF9231, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-50 

IRF9232, IRF9233 

IRF9240, IRF9241, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-55 

IRF9242, IRF9243 

IRF9510, IRF9511, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-60 

IRF9512, IRF9513 

IRF9520, IRF9521, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-65 

IRF9522, IRF9523 

IRF9530, IRF9531, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-70 

IRF9532, IRF9533 

IRF9540, IRF9541, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-75 

IRF9542, IRF9543 

IRF9620, IRF9621, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-80 

IRF9622. IRF9623 
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IRF9630, IRF9631, Avalanche-Energy-Rated P-Channel Power MOSFETs .. 5-85 

IRF9632. IRF9633 

IRF9640, IRF9641, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-90 

IRF9642. IRF9643 

IRFD9110, IRFD9113 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-95 

IRFD9120, IRFD9123 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-100 

IRFD9220, IRFD9223 Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-105 

IRFF9120. IRFF9121, Avalanche-Energy-Rated P-Channel Power MOSFETs. 5-110 

IRFF9122. IRFF9123 

IRFF9130, IRFF9131, Avalanche Energy-Rated P-Channel Power MOSFETs. 5-115 

IRFF9132, IRFF9133 

IRFF9220. IRFF9221. Avalanche Energy-Rated P-Channel Power MOSFETs. 5-120 

IRFF9222. IRFF9223 

IRFF9230, IRFF9231, Avalanche Energy-Rated P-Channel Power MOSFETs. 5-125 

IRFF9232, IRFF9233 

IRFP9140/P9141, Avalanche Energy-Rated P-Channel Power MOSFETs. 5-130 

IRFP9142/P9143 

IRFP9150, IRFP9151 Avalanche Energy-Rated P-Channel Power MOSFETs.. 5-135 

IRFP9240/P9241, Avalanche Energy-Rated P-Channel Power MOSFETs. 5-140 

IRFP9242/P9243 

RFL1P08. RFL1P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-145 

RFP2P08, RFP2P10 P-Channel Enhancement-Mode Power Field-Effect Transistors.... 5-149 

RFM5P12, RFM5P15, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFP5P12. RFP5P15 

RFM6P08, RFM6P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFP6P08, RFPePIO 

RFD8P05/05SM, P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-161 

RFP8P05 

RFM8P08, RFM8P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFP8P08, RFP8P10 

RFM1OPI2/MI 0P15, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFP10P12/P10P15 

RFM12P08/M12P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-174 

RFP12P08/P12P10 

RFD15P05/05SM, P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-178 

RFP15P05 

RFH25P08/H25P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFK25P08/K25P10 

RFG30P05, RFP30P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-187 

RFG30P06, RFP30P06 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-192 

RFG60P05E, RFG60P06E P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-197 

PREVIEW PRODUCTS 

RFD3N08L, RFD3N08LSM N-Channel Logic Level Power MOS Field-Effect Transistors. 9-3 

RFD4N06L. RFD4N06LSM N-Channel Logic Level Power MOS Field-Effect Transistors. 9-5 

RFP15N08L N-Channel Logic Level Power MOS Field-Effect Transistors. 9-7 
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POWER MOSFETs 2 


POWER MOSFET CROSS REFERENCE 


PRODUCT 

HARRIS TYPE 

2N6756 

2N6766 

2N6758 

IRF232 

2N6758 

IRF232R 

2N6759 

2N6759 

2N6759 

IRF333 

2N6759 

IRF333R 

2N6760 

2N6760 

2N6760 

IRF330 

2N6760 

IRF330R 

2N6762 

2N6762 

2N6762 

IRF430 

2N6762 

IRF430R 

2N6764 

2N6764 

2N6764 

IRF150 

2N6764 

IRF150R 

2N6764 

RFK35N10 

2N6766 

2N6766 

2N6766 

IRF250 

2N6766 

IRF250R 

2N6768 

2N6768 

2N6768 

IRF350 

2N6768 

IRF350R 

2N6770 

2N6770 

2N6770 

IRF450 

2N6770 

IRF450R 

2N6782 

2N6782 

2N6782 

IRFF110 

2N6782 

IRFF110R 


PRODUCT 

HARRIS TYPE 


2N6784 

2N6784 


2N6784 

IRFF210 


2N6784 

IRFF210R 


2N6786 

2N6786 


2N6786 

IRFF310 


2N6786 

IRFF310R 


2N6788 

2N6788 


2N6788 

IRFF120 


2N6788 

IRFF120R 


2N6790 

2N6790 


2N6790 

IRFF220 


2N6790 

IRFF220R 


2N6792 

2N6792 


2N6792 

IRFF320 


2N6792 

IRFF320R 


2N6794 

2N6794 


2N6794 

IRFF420 


2N6794 

IRFF420R 


2N6796 

2N6796 


2N6796 

IRFF130 


2N6796 

IRFF130R 


2N6798 

IRFF230 


2N6798 

IRFF230R 


2N6800 

2N6800 


2N6800 

IRFF330 


2N6800 

IRFF330R 


2N6802 

2N6802 


2N6802 

IRFF430 



PRODUCT 


2N6802 


2N6804 


2N6804 


2N6804 


2N6804 


2N6806 


2N6845 


2N6847 


2N6849 


2N6849 


2N6851 


2N6851 


BUK452-10 


BUK452-60 


BUK453-10 


BUK453-10 


BUK453-10 


BUK453-10 


BUK454-20 


BUK454-20 


BUK454-20 


BUK454-40 


BUK454-40 


BUK454-40 


BUK455-10 


BUK455-10 


BUK455-10 


BUK455-10 


HARRIS TYPE 


IRFF430R 


2N6804 


IRF9130 


IRF9142 


RFM12P10 


IRF9230 


IRFF9120 


IRFF9220 


2N6849 


IRFF9130 


2N6851 


1RFF9230 


BUZ72A 


RFP3055 


IRF530 


IRF530R 


BUZ20 


RFP12N10 


BUZ32 


IRF630 


IRF630R 


BUZ76 


IRF720 


IRF720R 


RFP22N10 


BUZ21 


IRF542 


IRF542R 
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Power MOSFET Cross Reference 






















































































































































































































Power MOSFET Cross Reference 


(Continued) 


PRODUCT 


jRF242 


IRF242 


IRF243 


IRF243 


IRF244 


iRF245 


IRF250 


IRF250 


IRF250 


IRF251 


IBF251 


IRF252 


IRF252 


IRF253 


IRF253: 


IRF253 


IRF254 


IRF255 


IRF320 


IRF321 


IRF322 


IRF323 


IRF330 


IRF33d 


IRF330 


IRF331 


IRF331 


IRF332 ; 


IRF332 


IRF333 


IRF333 


IRF333 


IRF340 


IRF340 


IRF341 


IRF341 


HARRIS TYPE 


IRF242 


IRF242R 


IRF243 


IRF243R 


1RF244 


IRF245 


1RF250' ■ : 


IRF^SOR 


2N6766 


iRF251 


MRF25tR 


. iRF252 , 


IRF252R 


IRF253; 


IRF253R 


' 2N6765 


IRF254 


IRF255 


IRF320 


IRF321 


iRF322 


IRF323 


IRF330 


IRF330R 


2N6760 


IRF331 


IRF331R 


IRF332 


1RF332R 


IRF333 


(RF333R 


2N6759 


1RF340 


IRF340R 


IRF341 


IRF341R 


PRODUCT 


IRF342 


IRF342 


IRF343 


IRF343 


IRF350 


IRF350 


HARRIS TYPE 


IRF342 


IRF342R 


IRF343 


IRF343R 


IRF350 


IRF350R 


2N6768 


IRF351 


IRF351R 


IRF352 


IRF352R 


^Hf353 


lto53R 


2N6767 


iRF360 


IRF362 


.IRF420 


RFM3N50 


IRF421 


RFM3N45 


) mF422 . 


- IRF423 


IRF430 ; 


IRF430R 


2N6762 


IRF431 


IRF431R 


.IRF432 


IRF432R 


33 


IRF433R 


2N6761 


iRF440 


IRFWR 


iRF441 


IRF441R 


PRODUCT 

HARRIS TYPE 

IRF442 

IRF442 

IRF442 

IRF442R 

IRF443, 

' IRF443 

IRF443 

IRF443R 

IRF448 

BUZ45 

IRF448 

RFM10N50 

IRF450 

IRF450 

IRF45Q 

IRF450R 

IRF450 

2N6770 

IRF451 

IRF451 

IRF451 

IRF451R 

IRF452 

BUZ45B 

IRF452 

JRF452 

IRF452 

IRF452R 

IRF453 

IRF453 

IRF453 

IRF453R 

IRF453 

2N6769 

IRF460 

IRF460 

IRF462 

IRF462 : 

. (RF510 

IRF510 

! IRF510 

IRF510R 

IRF511 

IRF511 

IRF511 

IRF511R 

IRF512 

IRF5f2 

IRF512 

IRF512R 

IRF513 

IRF513 

IRF513 

IRF513R 

IRF520 

IRF520 

IRF520 , 

IRF520R 

IRF521 

IRF521 

1RF521 

IRF521R 

IRF522 

IRF522 

IRF522 

IRF522R 

IRF523 

IRF523 

IRF523 

IRF523R 

IRF530 

IRF530 
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Power MOSFET Cross Reference 


(Continued)' 
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Power MOSFET Cross Reference (Continued) 
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Power MOSFET Cross Reference 


(Continued) ‘ 


PRODUCT 

HARRIS TYPE 

IRFF9132 

IRFF9132; 

IRFF9133 

IRFF9133 

IRFF9220 

IRFF9220 

IRFF9221 

IRFF9221 

IRFF9222 

IRFF9222 

IRFF9223 

IRFF9223 

IRFF9230 

2N6851 

IRFF9230 

IRFF9230 

IRFF9231 

IRFF9231 

1RFF9232 

IRFF9232 

IRFF9233 

IRFF9233 

IRFP044 

RFG45N06 

IRFP054 , 

RFG70N06 

IRFP140 

lRFPt40R 

IRFP141 

IRFP141R 

liSFP142 

IRFP142R 

IRFP143 

IRFP143R 

. IRFPlSd 

IRFP150 

. IRFP150 

IRFP150R 

, IRFP152 

IRFP148R 

, . iRFP153 

IRFP141R 

IRFP240 

;IRFP240R 

iRFP241 

IRFP241R 

JRFP242 

IRFP242R 

IRFP243 

IRFP243R 

IRFP244 

IRFP2ff 

IRFP245 

IRFP245 . 

IRFP250 


IRFP250 

4RFP250Ri : 

IRFP251 

: IRFP251 

IRFP251 

IRFP25IR \ 

IRFP252 

IRFP252 

;1RFP252 . 

; IRFP252R ; ’ 

' IRFP253 

IRFP253 

IRFP253 

IRFP253R 

IRFP254 • 

IRFP254 ; 


PROPUCT 

HARRIS TYPE 

IRFP255 

IRFP255 

IRFP340 

IRFP340R 

IRFP341 

IRFP341R 

iRFP342 

IRFP342R 

1RFP343 

IRFP343R 

IBFP350 

IRFP350 

IRFP350 

IRFP350R 

IRFP351 

IRFP351 

IRFP35t 

IRFP351R 

IRFP352 

IRFP352 

1RFP352 

IRFP352R 

MRFP353 

IRFP353 

IRFP353 

IRFP353R 

IRFP360 

IRFP360 

1RFP362 

IRFP362 

MRFP440 

IRFP440R 

IRFP441 

IRFP441R 

iRFP442 

IRFP442B 

IRFP443 

IRFP443R 

IRFP450 

IRFP450 

IRFP450 

IRFP450R 

IRFP451 

IRFP451 

IRFP451 

IRFP451R 

iRFP452 

IRFP452 

IRFP452 

IRFP452R 

IRFP453 

IRFP453 

IRFP453 

IRFP453R 

IBFP460 

IRFP460 

/|RFP462 

IRFP462 

lRFPSi40 

IRFP9140 

IRFP9141' 

IRFP9141 

IRFP9142 

IRFP9142 

IRFP9143 

iRFP9143 

IRFP9240 

IRFP9240 


IRFP924t 

iRFP9242 

IRFP9242 


PRODUCT 

HARRIS TYPE 

IRFP9243 

IRFP9243 

IRFPC40 

IRFPC40R 

IRFPG40 

IRFPG40 

IRFPG42 

1RFPG42 

IRFR020 

RFD14N05S 

IRFR110 

IRFR110 

IRFR120 

IRFR120 

IRFR121 

IRFR121 

IRFR214 

IRFR214 

IRFR220 

iRFR220 

IRFR222 

IRFR222 

IRFR320 

IRFR320 

IRFR420 

IRFR420 

1RFR9022 

RFD8P05SM 

IRFU020 

RFD14N05 

IRFU110 

IRFU110 

IRFU120 

IRFU120 

IRFU121 

IRFU121 

IRFU214 

IRFU214 

IRFU220 

IRFU220 

IRFU222 

IRFU222 

IRFU320 

IRFU320 

IRFU420 

IRFU420 

IRFU9022 

RFD8P05 

IRFZ20 

BUZ71 

IRFZ20 

RFP14N05 

IRFZ22 

BUZ71A 

IRFZ35 

RFP25N06 

IRFZ44 

RFP45N06 

IRLZ24 

RFP17N06L 

ITXP7N45 

IRF843 

ITXP7N45 

IRF843R 

IXFH12N5 

IRFP452 

IXFH12N5 

1RFP452R 

IXFH13N5 

IRFP450 

IXFH13N5 

IRFP450R 
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Power MOSFET Cross Reference 


(Continued) 


PRODUCT 


IXFM12N5 


IXFM12N5 


IXFM12N5 


IXFM13N5 


IXFM13N5 


IXFM13N5 


IXTH12N4 


IXTH12N4 


IXTH12N4 


IXTH12N4 


IXTH12N5 


IXTH12N5 


IXTH12N5 


IXTH12N5 


IXTH15N4 


IXTH15N4 


IXTH15N5 


IXTH15N5 


IXTM12N4 


IXTM12N4 


IXTM12N4 


IXTM12N4 


IXTM12N4 


IXTM15N5 


IXTM15N5 


IXTM15N5 


IXTM6N60 


IXTP4N45 


IXTP4N45 


IXTP4N45 


IXTP4N45 


IXTP4N50 


IXTP4N50 


IXTP4N50 


IXTP4N50 


IXTP4N50 


HARRIS TYPE 


BUZ45B 


IRF452 


IRF452R 


2N6770 


IRF450 


IRF450R 


IRFP453 


IRFP453R 


IRFP451 


IRFP451R 


IRFP452 


IRFP452R 


IRFP450 


IRFP450R 


IRFP451 


IRFP451R 


IRFP450 


IRFP450R 


2N6769 


IRF453 


IRF453R 


rRF451 


IRF451R 


2N6770 


IRF450 


IRF450R 


IRFAC40R 


IRF833 


IRF833R 


IRF831 


IRF831R 


BUZ42 


IRF832 


IRF832R 


BUZ41A 


IRF830 


PRODUCT 


IXTP4N50 


IXTP6N60 


IXTP7N45 


IXTP7N45 


IXTP7N50 


IXTP7N50 


IXTP7N50 


IXTP7N50 


MLP1N06CL 


MTD10N05E 


MTD2N50 


MTD2N50 


MTD3055E 


MTD3055EL 


MTD3055EL 


MTH20P08 


MTH20P10 


MTM10N12L 


MTM10N15L 


MTM10N35 


MTM12N08L 


MTM12N10 


MTM12N10L 


MTM12N10L 


MTM12P08 


MTM12P08 


MTM12P08 


MTM12P10 


MTM12P10 


MTM12P10 


MTM12P10 


MTM13N50E 


MTM13N50E 


MTM13N50E 


MTM15N35 


MTM15N35 


HARRIS TYPE 


IRF830R 


IRFBC40R 


IRF841 


IRF841R 


IRF842 


IRF842R 


IRF840 


IRF840R 


RLP1N06CL 


RFD14N05 


IRFU410 


IRFU422 


RFD3055 


RFD3055RL 


RFD3055RL 


RFH25P08 


RFH25P10 


RFM10N12L 


RFM10N15L 


IRF234 


RFM12N08L 


2N6756 


2N6902 


RFM12N10L 


IRF9131 


IRF9143 


RFM12P08 


2N6804 


IRF9130 


IRF9142 


RFM12P10 


2N6770 


IRF450 


IRF450R 


IRF351 


IRF351R 


PRODUCT 

HARRIS TYPE 

MTM15N40 

2N6768 

MTM15N40 

IRF350 

MTM15N40 

IRF350R 

MTM15N40E 

2N6768 

MTM15N40E 

IRF350 

MTM15N40E 

IRF350R 

MTM15N45 

IRF451 

MTM15N45 

IRF451R 

MTM15N50 

2N6770 

MTM15N50 

IRF450 

MTM15N50 

IRF450R 

MTM2N50 

IRF422 

MTM4N45 

IRF431 

MTM4N45 

IRF431R 

MTM4N50 

2N6762 

MTM4N50 

IRF430 

MTM4N50 

IRF430R 

MTM5N35 

IRF331 

MTM5N35 

IRF331R 

MTM5N40 

2N6760 

MTM5N40 

IRF330 

MTM5N40 

IRF330R 

MTM6N60 

IRFAC40R 

MTM7N50 

BUZ45A 

MTM8N20 

2N6758 

MTM8N20 

IRF230 

MTM8N20 

IRF230R 

MTM8N40 

IRF340 

MTM8N40 

IRF340R 

MTM8P08 

IRF9133 

MTM8P08 

RFM8P08 

MTM8P10 

IRF9132 

MTM8P10 

RFM8P10 

MTM8P20 

IRF9242 

MTP10N10E 

BUZ72A 

MTP10N12L 

RFP10N12LD 
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Power MOSFET Cross Reference 


(Continued) 


PRODUCT 


MTP10N15 


MTP10N15L 


MTP10N25 


MTP10N35 


MTP10N35 


MTP10N40E 


MTP10N40E 


MTP12N05E 


MTP12N08L 


MTP12N10E 


MTP12N10E 


MTP12N10L 


MTP12P05 


MTP12P08 


MTP12P08 


MTP12P10 


MTP12P10 


MTP12P10 


MTP15N05E 


MTP15N05E 


MTP15N05L 


MTP2N25 


MTP2N35 


MTP2N35 


MTP2N40 


MTP2N40 


MTP2N45 


MTP2N45 


MTP2N60 


MTP2N50 


MTP3055E 


MTP3055EL 


MTP3N10L 


MTP3N45 


MTP3N45 


MTP3N45 


HARRIS TYPE 


RFP10N15 


RFP10N15L 


IRF634 


IRF741 


IRF741R 


IRF740 


IRF740R 


BUZ71A 


RFP12N08L 


IRF530 


IRF530R 


RFP12N10L 


RFP8P05 


IRF9533 


RFP8P08 


IRF9530 


IRF9542 


RFP12P10 


BUZ71 


RFP14N05 


RFP15N05L 


RFP4N35 


IRF713 


IRF713R 


IRF710 


IRF710R 


IRF823 


IRF823R 


IRF822 


IRF822R 


RFP3055 


RFP3055RL 


RFP2N10L 


IRF821 


IRF821R 


RFP3N45 


PRODUCT 


MTP3N50E 


MTP3N50E 


MTP3N50E 


MTP4N40E 


MTP4N40E 


MTP4N40E 


MTP4N45 


MTP4N45 


MTP4N50E 


MTP4N50E 


MTP4N50E 


MTP5N35 


MTP5N35 


MTP5N40E 


MTP5N40E 


MTP5N40E 


MTP6N60 


MTP6N60E 


MTP8N20 


MTP8N20 


MTP8N20 


MTP8P08 


MTP8P08 


MTP8P10 


MTP8P10 


MTW10N40E 


MTW14N05E 


MTW14N05E 


MTW16N40E 


MTW16N40E 


MTW20N50E 


MTW23N25E 


MTW24N40E 


MTW32N20E 


MTW32N20E 


MTW33N10E 


HARRIS TYPE 


1RF820 


IRF820R 


RFP3N50 


BUZ76 


IRF720 


IRF720R 


IRF831 


IRF831R 


BUZ41A 


IRF830 


IRF830R 


IRF731 


IRF731R 


BUZ60 


IRF730 


IRF730R 


IRFBC40R 


IRFBC40R 


BUZ32 


IRF630 


IRF630R 


IRF9533 


RFP8P08 


IRF9532 


RFP8P10 


IRFP340R 


IRFP450 


IRFP450R 


IRFP350 


IRFP350R 


IRFP460 


IRFP254 


IRFP360 


IRFP250 


IRFP250R 


IRFP150 


PRODUCT 

HARRIS TYPE 

MTW33N10E 

IRFP150R 

MTW45N10E 

RFG40N10 

SGSP330 

IRF821 

SGSP330 

IRF821R 

SGSP330 

RFP3N45 

SGSP332 

IRF723 

SGSP332 

IRF723R 

SGSP362 

IRF543 

SGSP362 

IRF543R 

SGSP362 

RFP18N08 

SGSP364 

IRF831 

SGSP364 

IRF831R 

SGSP369 

BUZ41A 

SGSP369 

IRF830 

SGSP369 

IRF830R 

SGSP575 

IRF340 

SGSP575 

IRF340R 

SMD15N05 

RFD14N05S 

SMP20P10 

IRF9540 

SMP3P10 

IRF9510 

SMP40N10 

RFP40N10 

SMP50N06 

RFP45N06 

SMP60N06-14 

RFP70N06 

SMU15N05 

RFD14N05 

SMV1P10 

IRFD9110 

SMW12P20 

IRFP9240 

SMW20P10 

IRFP9140 

SMW45N10 

RFG40N10 

SMW70N06-14 

RFG70N06 

STLT20 

RFP3055 

STP50N06 

RFP45N06 
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POWER MOSFETs 3 


POWER PRODUCT SELECTION GUIDE 


POWER PRODUCT SELECTION GUIDE 

R MOSFETs .......... 

IRF MOSFETs.... 

ADVANCED POWER MOS PRODUCTS 

Current Limiting MOSFETs........ 

Voltsige Clamping, Current Limiting MOSFETs. 

Current Sensing MOSFETs. ...... 

Buffered FET.......:. 

N-CHANNEL POWER MOSFET .. . 

RUGGED AND STANDARD IRF-SERIES POWER MOSFETs. 
MegaFET PRODUCT SERIES ... . 

LOGIC LEVEL MegaFET PRODUCT SERIES ............. 

LOGIC LEVEL PRODUCT SERIES:... 

IR EQUIVALENT N-CHANNEL PRODUCT SERIES ... 

JEDIC N-CHANNEL................... ......... 

RF AND BUZ SERIES MOSFETs ... 

RF AND BUZ SERIES P-CHANNEL MOSFETs. 

JEDEC P-CHANNEL ... .................... ___ ;. 

IR EQUIVALENT P-CHANNEL PRODUCT SERIES... 


PAGE 
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3-6 
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3-14 

3-15 

3-16 

3-17 

3-18 
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Power Product Selection Guide 


R MOSFETs 


XX XXX 


FEATURE SUFFIX 

R: Rugged Capabilities Guaranteed 
L: Logic Level 5V Gate 
SM: Surface Mount Leadform (TO-252) 

E: ESD Protected Device 
CS: Current Sensing 
C: Voltage Clamping 
B: Integral Turn-Off Driver 

VOLTAGE RATING/10 

j.e., .05 = 50V. 10 = 100V, 20 = 200V, etc. 

POLARITY 
N: N-Channel 
P: P-Channel 

CURRENT RATING 

1 = 1A, 10 = 10A, 25 = 25A,etc. 

PACKAGE DESIGNATION 
A: MO-093AA 
B: TS-001 

D: TO-251, TO-252 (D-PAK) 

G: TO-247 
H: TO-218AC 

K: TO-204AE (TO-3 with 60 MIL Leads) 

L: TO-205AF (TO-39 with Low Profile Cap) 
M: TO-204AA (TO-3 with 40 MIL Leads) 

P: TO-220AB 
V: 5 Lead TO-247 

DEVICE TYPE 

F: Standard MOSFET 
L: Current Limited MOSFET 


Example: RLP1N08LE ESD Protected, Current Limited, TO-220,1A, N-Channel, 80V Logic Level MOSFET 
RFD15N05SM D-PAK, 15A, N-Channel, 50V, Surface Mount Leadform MOSFET 
RFP12N06RLE TO-220,12A N-Channel, 60V, Rugged, Logic Level, ESD Protected MOSFET 



TO-204AA/AE 







IRF MOSFETs 



I R XX XXX X 


R: Ruggedized (Early Indicator for Avalanche 
Capability. All Devices now have EAS Ratings) 

HEX DIE SIZE, Voltage Polarity 
and Electrical Selection 

PACKAGE DESIGNATION: 

C: 5 Lead TO-220, Current Sensing 
FA: TO-204AA 
FD: 4 Lead DIP 
FF: TO-205AF (TO-39) 

FP: TO-247 
FR: TO-252 
FU: TO-251 
F1-F4; TO-204AA 
F5-F8: TO-220 
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Advanced Power MOS Products 


Current Limiting MOSFETs 
Features terminal diagram 

• Current LItnits to a Pre-Set Level In a 
Shorted Load Gpnditlon 

•: ‘*Lo,gic-Lever Gate- Input ■Allows \Folly. on 

■,; Condition'aiSV; ■ 

• Monolithic Device Incorporaies a Dipolar 
Transistor, 2 Resistors, a Zener Diode and 
^ a Power MOSFEt-- 

• ESD Protected to 2kV . 



MAXIMUM RATINGS 

PACKAGE 





BBB 

BVdss 

(V) 

IdS{UM) 

(A) 

Bps (ON) 

ESD 

(kV) 


80 

1 

0.75 

B 

RLP1N08LE 

00 

o 

5.5 


2 

RLP5N08LE 


Voitage Clamping, Current Limiting MOSFETs 
Features terminal diagram 

• Excessive Drain-Source Voltage Clamped 
by Active Region Turn-On, Clamp Voltage 

■ .Level;;6d>70V. 

• Current Limits to a Pre-Set l^vei In a 
Shorted Load Condition 

• Monolithic Device Incorporates a Bipolar ■ 

Transistor, 2 Resistors, 2 Zener Diodes and 
a Power MO$FET ^ ^ ^ 



MAXIMUM RATINGS 

PACKAGE 

BVdss 

Ids(um) 

Bps (ON) 

ESD 


(V) 

(A) 

(Q) 

(kV) 

TO-220 

55 

1 

0.75 

2 

RLP1N06CLE 


Current Sensing MOSFETs 


Features ' 

• Bui!t-ln Current Sensing Function to be 
Used as a Feed-Gack Signal for Control 
and/pr Protection 

® L0WRqs(0N)"^G'^3X 

• Current Sensing Ratio = 1500 ± 10 % 

• Avalanche Energy Rated for Rugged- 

\ness 


TERMINAL DIAGRAM 
D 



CURRENT 

SENSE 


MAXIMUM RATINGS 

PACKAGE 

BVdss 

Ips 

Bps (ON) 


(V) 

(A) 

(Q) 

TS-001 

100 

18 

0.10 

RFB18N10CS 


Buffered FET 
Features 

• FailTimetp<5ns^^^^^^^^^^^^^^ 

* Similar Electrical Performance of an 

■.■;iR'F450: , 

* Rds(6n) ntax 

• Avalanche Rated to Iqm at +25®C and 
- •+150°C 

ESD Protected Gates -2KV 




















Power Product Selection Guide 


N-Channel Power MOSFET 



Rugged and Standard IRF-Series Power 
MGSFETs 

Features 

• Single Pulse Avalanche Energy Rated 

• $0A is Power Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Allows Reduced Protection Circuitry 

• Reduced Drive Requirements 

• increased System Reliability 


Description 

The Rugged Series of Power MOSFETs are designed, tested, 
and guaranteed to withstand a specified level of circuit induced 
electrical stress in the breakdown avalanche mOde« of operation. 
These are n-channe) enhancement mode polysilicon gate 
power field effect transistors designed for applications such as 
switching regulators, switching converters, motor and relay driv¬ 
ers, and drivers for high power bipolar switching transistors 
requiring high speed and low gate drive power. 

Using state-of-the-art integrated circuit processing techniques, 
these Rugged MOSFETs provide superior performance in induc¬ 
tive switching applications. The design is optimized to suppress 
the parasitic bipolar transistor and improve system reliability. 
These types can be driven directly from integrate circuits. 

Rugged Series devices are identified by the suffix letter R fol¬ 
lowing the type number or by the inclusion of a UlS SOA rating 
chart on the datasheet. This chart provides the user with a 
broad range of application usages for this capability Application 
notes AN9321 and AN9322 detail this rating system. 
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Power Product Selection Guide 


MegaPET Product Series 



30 

70 

0.010 

t 



RFP70N03 


50 

14 

0.100 

100 

RFD14N05 

RFD14N05SM 

RFP14N05 



16 

0.047 

200 

RFD16N05 

RFD16N05SM 




25 

0.047 

200 



RFP25N05 



50 

0.022 

400 



RFP50N05 

RFG50N05 


75 

0.008 

800 




RFG75N05E 


100 

0.008 

800 





60 

12 

0.150 

t 

RFD3055 

RFD3055SM 

RFP3055 



45 

0.028 

■■ 



RFP45N06 

RFG45N06 


50 

0.022 




RFP50N06 

RFG50N06 


70 

0.014 

■■ 



RFP70N06 

RFG70N06 

100 

22 

0.080 

t 



RFP22N10 



40 

0.040 

t 



RFP40N10 

RFG40N10 




RFA100N05E 



P-CHANNEL 


50 

8 

0.300 


15 

0.150 


30 

0.065 


60 

0.026 

60 

30 

0.075 


60 

0.030 




RFP8P05 

RFP15P05 

RFP30P05 


RFP30P06 



NOTE: t = More complete ruggedness capability now specified; UiS current vs time in avalanche graph on data sheet. 


Logic Level MegaFET Product Series 


MAXIMUM RATINGS 

PACKAGE 

BVdss 

(V) 

Ids 

(A) 

Rds(on) 

(«) 

EaS 

(ml) 






N-CHANNEL 

50 

14 

1 0.100 1 

100 

RFD14N05L 

RFD14N05LSM 

RFP14N05L 




16 

BSh 

200 

RFD16N05L 

RFD16N05LSM 





25 

BB 

200 



RFP25N05L 




50 

■■ 

400 



RFP50N05L 

RFG50N05L 


60 

2 

WSM 

n 





RFW2N06RLE 


12 

BB 

■■ 

RFD12N06RLE 

RFD12N06RLESM 

RFP12N06RLE 



P-CHANNEL 

30 

10 

0.225 

t 

RFD10P03L 

RFD10P03LSM 

RFP10P03L 




NOTE: t = More complete ruggedness capability now specified; UiS current vs time in avalanche graph on data sheet. 
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Power Product Selection Guide 


Logic Level Product Series 


MAXIMUM RATINGS 


BVdss *DS RdS(ON) Eas 

(V) (A) (G) (mi) 


N-CHANNEL 


RFD14N05L 

RFD16N05L 




RFP4N05L 

RFD14N05LSM 

RFP14N05L 

RFP15N05L 

RFD16N05LSM 

RFP25N05L 

RFP50N05L 

RFD4N06LSM 

RFP4N06L 

RFD12N06RLESM 

RFP12N06RLE 


RFP15N06L 

RFD16N06LESM 

RFP17N06L 

RFP25N06L 

RFP30N06LE 


RFP2N08L 

RFD3N08LSM 

RFP12N08L 

RFP15N08L 


RFD7N10LESM 


RFM8N20L 

2N6904tt 



RFP2N10L 

RFP7N10LE 

RFP12N10L 


RFP2N12L 

RFP10N12L 


RFP2N15L 

RFP10N15L 


RFP2N18L 

RFP8N18L 


RFP2N20L 

RFP8N20L 


P-CHANNEL 


RFD10P03L RFD10P03LSM 


NOTE: t = More complete ruggedness capability now specified; UlS current vs time in avalanche graph on data sheet. BOLD indicates Develop¬ 
mental Products. N.R. Not Rated for UlS capability, ft = QPL Approved Types. 
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Power Product Selection Guide 


IR Equivalent N-Channel Product Series 


























Power Product Selection Guide 
IR Equivalent N-Channel Product Series (continued) 


MAXIMUM RATINGS 

PACKAGE 







B 



B 


B 

BVqss 

Ids 

F^DS(0N) 

Eas 

1 1 








(V) 

(A) 

P) 

(mj) 


TO-204 

TO-251 

TO-252 

TO-220AB 

TO-247 

4 LEAD DIP 

100 

0.4 

3.2 

N.R. 







IRFD1Z2 


0.5 

2.4 

N.R. 







IRFD1Z0 


0.8 

0.8 

19 







IRFD112(R) 


1.0 

0.6 

19 







IRFDIIO(R) 


1.1 

0.4 

36 







IRFD122(R) 


1.3 

0.3 

36 







1RFD120(R) 


3.0 

0.8 

19 

IRFF112(R) 










0.6 

19 

IRFFIIO(R) 










0.54 

19 



IRFU110 

IRFR110 







0.74 

19 





IRF512(R) 






0.4 

36 

IRFF122(R) 










0.54 

19 





IRF510(R) 





6.0 

0.3 

36 

IRFF120(R) 









7.0 

0.25 

69 

IRFF132(R) 









8.0 

0.36 

36 





IRF522(R) 





8.0 

0.18 

69 

IRFF130(R) 









8.0 

0.36 

N.R. 


IRF122 








8.4 

0.27 

36 



IRFU120 

IRFR120 







0.27 

36 





IRF520(R) 






0.27 

N.R. 


IRF120 








12.0 

0.23 

50 


IRF132(R) 








12.0 

0.23 

69 





IRF532(R) 





14.0 

0.16 

50 


IRF130(R) 








14.0 

0.16 

69 





IRF530(R) 





25.0 

0.1 

100 


IRF142(R) 








25.0 

0.1 

230 





IRF542(R) 





27.0 

0.099 

100 






IRFP142R 




28.0 

0.077 

100 


IRF140(R) 








28.0 

0.077 

230 





IRF540(R) 





31.0 

0.077 

100 






IRFP140R 




33.0 

0.08 

150 


IRF152(R) 








34.0 

0.08 

150 






IRFP152(R) 




40.0 

0.055 

150 


IRF150(R) 




IRFP150(R) 
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Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM RATINGS 

PACKAGE 





lllfl 




■ 

■ 


M 

BVoss 

Ids 

Rds(on) 

Eas 

1' 1 







in 

(V) 

(A) 

P) 

(mj) 

TO-205AF 

TO-204 

TO-251 

TO-252 

TO-220AB 

TO-247 

4 LEAD DIP 

150 

0.30 

6.5 

N.R. 







IRFD2Z3 


0.32 

5.0 

N.R. 







IRFD2Z1 


0.45 

2.4 

30 







IRFD213(R) 


0.60 

1.5 

30 







IRFD211(R) 


0.70 

1.2 

85 







IRFD223(R) 


0.80 

0.8 

85 







IRFD221(R) 


1.8 

2.4 

30 

IRFF213(R) 









2.2 

1.5 

30 

IRFF211(R) 









2.6 

2.4 

46 





IRF613(R) 





3.0 

1.2 

85 

IRFF223(R) 









3.3 

1.5 

46 





IRF611(R) 





3.5 

0.8 

85 

IRFF221(R) 









4.0 

1.2 

N.R. 


IRF223 








4.0 

1.2 

85 





IRF623(R) 





4.5 

0.6 

85 

IRFF233(R) 









4.6 

0.8 

85 



IRFU221 

IRFR221 






5.0 

0.8 

N.R. 


IRF221 








5.0 

0.8 

85 





IRF621(R) 





5.5 

0.4 

85 

IRFF231(R) 









8.0 

0.6 

150 


IRF233(R) 



IRF633(R) 





9.0 

0.4 

150 


IRF231(R) 



IRF631(R) 





18.0 

0.22 

510 






IRFP243R 




16.0 

0.22 

580 


IRF243(R) 



IRF643(R) 





20.0 

0.18 

510 






IRFP241R 




18.0 

0.18 

580 


IRF241(R) 



IRF641(R) 





25.0 

0.12 

910 


IRF253(R) 








27.0 

0.12 

810 






IRFP253(R) 




30.0 

0.085 

910 


IRF251(R) 








33.0 

0.085 

810 






IRFP251(R) 



200 

0.30 

6.5 

N.R. 







IRFD2Z2 


0.32 

5.0 

N.R. 







IRFD2Z0 


0.45 

2.4 

30 







IRFD212(R) 


0.60 

1.5 

30 







IRFD210(R) 


0.70 

1.2 

85 







IRFD222(R) 


0.80 

0.8 

85 







IRFD220(R) 


1.8 

2.4 

30 

IRFF212(R) 









2.2 

1.5 

30 

1RFF210(R) 









2.6 

2.4 

46 





IRF612(R) 





3.0 

1.2 

85 

IRFF222(R) 









3.3 

1.5 

46 





IRF610(R) 





3.5 

0.8 

85 

IRFF220(R) 









3.8 

1.2 

85 



IRFU222 

IRFR222 






4.0 

1.2 

N.R. 


IRF222 








4.0 

1.2 

85 





!RF622{R) 





4.5 

0.6 

85 

IRFF232(R) 









4.6 

0.8 

85 



IRFU220 

IRFR220 






5.0 

0.8 

N.R. 


IRF220 








5.0 

0.8 

85 





IRF620(R) 





5.5 

0.4 

85 

IRFF230(R) 









8.0 

0.6 

150 


IRF232(R) 



IRF632(R) 





9.0 

0.4 

150 


IRF230(R) 



IRF630(R) 





18.0 

0.22 

510 






IRFP242R 




16.0 

0.22 

580 


IRF242(R) 



IRF642(R) 





20.0 

0.18 

510 






IRFP240R 




18.0 

0.18 

580 


IRF240(R) 



IRF640(R) 





25.0 

0.12 

910 


IRF252(R) 








27.0 

0.12 

810 






IRFP252(R) 




30.0 

0.085 

910 


IRF250(R) 








33.0 

0.085 

810 






IRFP250(R) 




I 
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Power Product Selection Guide 
IR Equivalent N-Channei Product Series (Continued) 


MAXIMUM RATINGS 



0.3 

5.0 

45 



0.4 

3.6 

45 



0.4 

2.5 

100 



0.5 

1.8 

100 



1.15 

5.0 

150 

IRFF313(R) 


1.35 

3.6 

150 

IRFF311{R) 


1.7 

5.0 

120 



2.0 

3.6 

120 



2.0 

2.5 

100 

IRFF323(R) 


2.5 

1.8 

100 

IRFF321(R) 


2.8 

2.5 

190 



2.8 

2.5 

N.R. 


IRF323 

3.0 

1.5 

300 

IRFF333(R) 


3.1 

1.8 

190 



3.3 

1.8 

190 



3.3 

1.8 

N.R. 


IRF321 

3.5 

1.0 

300 

IRFF331(R) 


4.5 

1.5 

300 


IRF333(R) 

5.5 

1.0 

300 


IRF331(R) 

8.0 

0.8 

520 



8.3 

0.8 

520 


IRF343(R) 

8.7 

0.8 

480 



10.0 

0.55 

520 


IRF341(R) 

11.0 

0.55 

480 



13.0 

0.4 

700 


IRF353(R) 

14.0 

0.4 

700 



15.0 

0.3 

700 


IRF351(R) 

16.0 

0.3 

700 




IRFD313(R) 

IRFD311(R) 

IRFD323(R) 

IRFD321(R) 


IRFU321 IRFR321 


IRF713(R) 

IRF711(R) 


IRF723(R) 


IRF721(R) 


IRF733(R) 

IRF731(R) 

IRF743(R) 


IRF741(R) 


IRFP353(R) 

IRFP351(R) 
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Power Product Selection Guide 
IR Equivalent N-Channel Product Series (Continued) 


MAXIMUM RATINGS 


BVdss Iqs 

(V) (A) 



IRFF312(R) 

IRFF310(R) 


IRFF322(R) 

IRFF320(R) 


IRFF332(R) 


IRFF330(R) 


IRF332(R) 

IRF330(R) 

IRF342(R) 

IRF340(R) 

IRF352(R) 

IRF350(R) 


1.4 

4.0 

EQI 

IRFF423(R) 


1.6 

3.0 


IRFF421(R) 


2.2 

4.0 




2.2 

4.0 



IRF423 

2.25 

2.0 

300 

IRFF433(R) 


2.5 

3.0 

210 



2.5 

3.0 

N.R. 


IRF421 

2.75 

1.5 

300 

IRFF431(R) 


4.0 

2.0 

300 


IRF433(R) 

4.5 

1.5 

300 


IRF431(R) 

7.0 

1.1 

510 


IRF443(R) 

7.0 

1.1 

480 



8.0 

0.85 

510 


IRF441(R) 

8.0 

0.85 

480 



11.0 

0.5 

860 


IRF453(R) 

12.0 

0.5 

860 



13.0 

0.4 

860 


IRF451(R) 

1 14.0 

0.4 

860 






IRF712(R) 

IRF710(R) 

IRFR322 

IRF722(R) 

IRFR320 

IRF720(R) 


IRF732(R) 

IRF730(R) 

IRF742(R) 


IRF740(R) 


IRF823(R) 

IRFR421 

IRF821(R) 


IRF833(R) 

IRF831(R) 

IRF843(R) 


IRF841(R) 


IRFD312(R) 

IRFD310(R) 

IRFD322(R) 

IRFD320{R) 


IRFP352(R) 

IRFP350(R) 

IRFP362 


IRFP453(R) 

IRFP451(R) 
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Power Product Selection Guide 


IR Equivalent N-Channei Product Series (CominiNd) 


MAXIMUM RATINGS 

PACKAGE 


1 



1 * 1 

^^9 




^^91 


BVoss 


Bd8(ON) 

Eas 







■■ 

(V) 

iol 

(Q) 

(mj) 


TO-204 

TO-251 

TO-252 

TO-220AB 

TO-247 

4 LEAD DIP 

500 

1.4 

4.0 

210 

IRFF422(R) 








1.5 

7.0 

45 



IRFU410 

iRFR410 





1.6 

3.0 

210 

IRFF420(R) 








2.0 

4.0 

210 





iRF822(R) 




2.2 

4.0 

210 



IRFU422 

IRFR422 





2.2 

4.0 

N.R. 


IRF422 







2.25 

2.0 

300 

IRFF432(R) 








2.5 

3.0 

210 



iRFU420 

IRFR420 

IRF820(R) 




2.5 

3.0 

N.R. 


IRF420 







2.75 

1.5 

300 

IRFF430(R) 








4.0 

2.0 

300 


iRF432(R) 



IRF832(R) 




4.5 

1.5 

300 


IRF430(R) 



IRF830(R) 




7.0 

1.1 

510 


IRF442(R) 



iRF842(R) 




7.0 

1.1 

480 






IRFP442R 



8.0 

0.85 

510 


IRF440(R) 



iRF840(R) 




8.0 

0.85 

480 






IRFP440R 



11.0 

0.5 

860 


IRF452(R) 







12.0 

0.5 

860 






IRFP452(R) 



13.0 

0.4 

860 


IRF450(R) 







14.0 

0.4 

860 






IRFP450(R) 



17.0 

0.35 

960 






IRFP462 



19.0 

0.35 

1200 


iRF462 







20.0 

027 

960 






iRFP460 



21.0 

0.27 

1200 


tRF460 






600 

5.4 

1.6 

570 


IRFAC42R 



IRFBC42R 




5.9 

1.6 

410 






IRFPC42R 



6.2 

1.2 

570 


IRFAC40R 



iRFBC40R 




6.8 

1.2 

410 






IRFPC40R 


1000 

3.9 

4.2 

490 






IRFPG42 



4.3 

3.5 

490 






IRFPG40 



NOTE: N.R. s Not Avalanche Rated. R » Rugged ONLY Available. (R)Rugged AND Non-Rugged Available. E^s Column Applies Only to Rugged 
MOSFETs. BOLD indicates Developmental Products. 
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Power Product Selection Guide 


MAXIMUM RATINGS 

PACKAGE 




Q 






mT 



BVqss 

Ids 

Rds(on) 

1 * 1 


TO-254 

(V) 

(A) 

(Q) 

TO-205AF 

TO-204 

60 

12.0 

0.25 


2N6755 



31.0 

0.08 


2N6763 


100 

3.5 

0.6 

2N6782t 




6.0 

0.3 

2N6788t 




8.0 

0.18 

2N6796t 




14.0 

0.18 


2N6756t 



38.0 

0.055 


2N6764t 


150 

8.0 

0.6 


2N6757 



25.0 

0.12 


2N6765 


180 

34 

0.07 



2N7224t 

200 

2.25 

1.5 

2N6784t 




3.5 

0.8 

2N6790t 




5.5 

0.4 

2N6798t 




9.0 

0.4 


2N6758t 



27.4 

0.100 



2N7225t 


30.0 

0.085 


2N6766t 


350 

4.5 

1.5 


2N6759 



12.0 

0.4 


2N6767 


400 

1.25 

3.6 

2N6786t 




2.0 

1.8 

2N6792t 




3.0 

1.0 

2N6800t 




5.5 

1.0 


2N6760t 



14.0 

0.315 



2N7227t 


14.0 

0.3 


2N6768t 


450 

4.0 

2.0 


2N6761 



11.0 

0.5 


2N6769 


500 

1.5 

3.0 

2N6794t 




3.5 

1.5 

2N6802t 




4.5 

1.5 


2N6762t 



12.0 

0.415 



2N7228t 


12.0 

0.4 


2N6770t 



NOTE: t = QPL - Approved Types 


1 
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RF and BUZ Series MOSFETs 
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Power Produc 

RF and BUZ Series MOSFETs (Continued) 


MAXIMUM RATINGS | 

BVqss 

(V) 

Ids 

(A) 

F)ds(on) 

P) 

350 

4.0 

2.0 


7.0 

0.75 



0.38 

0.5 

400 

2.6 

2.5 


3.0 

1.8 


4.0 

2.0 


4.5 

1.5 


5.5 

1.0 


7.0 

0.75 


11.5 

0.4 


12.0 

0.38 


12.0 

0.5 

450 


3.0 

1.25 


10.0 

0.6 

500 

3.0 

3.0 


4.0 

2.0 


4.5 

1.5 


6.0 

1.25 


8.3 

0.8 


9.6 

0.6 


10.0 

0.6 


10.0 

0.5 

1000 

CO 

3.5 



RF and BUZ Series P-Channei MOSFETs 


MAXIMUM RATINGS 

BVqss 

Ids 

RdS(0N) 

(V) 

(A) 

(Q) 


1.0 

3.65 

2.0 

3.5 

6.0 

0.6 

8.0 

0.4 

12.0 

0.3 

25.0 

0.15 



80 


RFL1P08 


Guide 



RFM4N35 

RFM7N36 

RFM12N35 

RFP4N35 

RFP7N35 

RFH12N35 


BUZ76A 

BUZ76 


RFM4N40 

RFP4N40 

BUZ60B 

BUZ60 


RFM7N40 

RFP7N40 

BUZ351 

RFH12N40 

RFM12N40 



RFM3N45 

RFP3N45 


RFM6N45 

RFP6N45 


RFM10N45 


RFH10N45 

RFM3N50 

RFP3N50 

BUZ42 

BUZ41A 

RFP6N50 


BUZ45A 

BUZ45 



RFM10N50 


RFH10N50 

BUZ45B 




RFP4N100 
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RF end BUZ Series P-Chennel MOSFETs (Continued) 


MAXIMUM RATINGS 

PACKAGE 




■ 








■ 

mm 


mWarm 












BVqss 

Ids 

f^DS(ON) 


1 


u 



(V) 

(A) 

P) 

TO-205AF 

TO-204 

TO-220AB 

TO-218 

100 

1.0 

3.65 

RFL1P10 





2.0 

3.5 





RFP2P10 



6.0 

0.6 





RFP6P10 



8.0 

0.4 




RFM8P10 

RFP8P10 



12.0 

0.3 




RFM12P10 

RFP12P10 



25.0 

0.15 




RFK25P10 


RFH25P10 

120 

5.0 

1.0 




RFM5P12 

RFP5P12 



10.0 

0.5 




RFM10P12 

RFP10P12 


150 

5.0 

|BR9| 




RFM5P15 

RFP5P15 


■■■ 

10.0 





RFM10P15 

RFP10P15 




JEDEC P-Channel 


MAXIMUM RATINGS 

PACKAGE 





1 

EH 






i 

m 











BVdss 

Ids 

Bds(on) 





— u 

(V) 

(A) 

(a) 

TO-205AF 

TO-204 

100 

1.16 

3.65 

2N6895t 



6.0 

0.6 





2N6896t 


6.5 

0.3 

2N6849t 



11.0 

0.3 





2N6804 


12.0 

0.3 





2N6897t 


25.0 

0.2 





2N6898t 

200 

4.0 

0.8 

2N6851t 



NOTE: t ~ QPL - Approved Types 
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IR Equivalent P-Channei Product Series 


I MAXIMUM RATINGS 

PACKAGE 1 

















nSnsM 
















BVdss 

Ids 

f^DS(ON) 

Eas 


1 






(V) 

(A) 

(«) 

(ml) 

TO*205AF 

TO-204 

TO-220AB 

TO-247 

4 LEAD DIP 

80 

0.6 

1.6 

190 






IRFD9113 


0.8 

0.8 

370 






IRFD9123 


2.5 

1.6 

190 




IRF9513 




3.0 

1.2 

190 




IRF9511 




3.5 

0.8 

370 

IRFF9123 






4.0 

0.6 

370 

IRFF9121 






5.0 

0.8 

370 




IRF9523 




5.5 

0.4 

500 

IRFF9133 






6.0 

0.6 

370 




IRF9521 




6.5 


500 

IRFF9131 






10.0 

0.4 

500 



iRF9133 

IRF9533 




12.0 

0.3 

500 



IRF9131 

IRF9531 




15.0 

0.3 

960 



IRF9143 

IRF9543 




16.0 

0.3 

960 





IRFP9143R 



19.0 

0.2 

960 



IRF9141 

IRF9541 

IRFP9141R 



25.0 

0.15 

1300 



IRF9151 


IRFP9151 


100 

0.7 

1.2 

190 






IRFD9110 


1.0 

0.6 

370 






iRFD9120 


2.5 

1.6 

190 




IRF9512 




3.0 

1.2 

190 




IRF9510 




3.5 

0.8 

370 

IRFF9122 






4.0 


370 

IRFF9120 






5.0 

0.8 

370 




IRF9522 




5.5 

0.4 

500 

IRFF9132 






6.0 

0.6 

370 




IRF9520 




6.5 

0.3 

500 

IRFF9130 






10.0 


500 



IRF9132 

IRF9532 




12.0 


500 



IRF9130 

IRF9530 




15.0 





IRF9142 

IRF9542 




16.0 







IRFP9142R 



19.0 





IRF9140 

IRF9540 

IRFP9140R 



25.0 

0.15 

1300 



IRF9150 


IRFP9150 


150 

0.45 

2.4 

290 






IRFD9223 


2.0 

2.4 

290 

IRFF9223 






2.5 

1.5 

290 

IRFF9221 






3.0 

2.4 

290 




iRF9623 




3.5 

1.5 

290 




iRF9621 




3.5 

1.2 

500 

IRFF9233 






4.0 

0.8 

500 

IRFF9231 






5.5 

1.2 

500 



IRF9233 

IRF9633 




6.5 

0.8 

500 



IRF9231 

IRF9631 




9.0 

0.7 

790 



IRF9243 

iRF9643 




10.0 

0.7 

790 





IRFP9243R 



11.0 

0.5 

790 



IRF9241 

IRF9641 




12.0 

0.5 

790 





IRFP9241R 
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N-CHANNEL POWER MOSFETs 


PAGE 


N-CHANNEL POWER MOSFET DATA SHEETS 

2N6755, 2N6756 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-7 

2N6757,2N6758 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-11 

2N6759,2N6760 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-15 

2N6761, 2N6762 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-19 

2N6763,2N6764 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors. 4-23 

2N6765,2N6766 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-27 

2N6767,2N6768 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors. 4-31 

2N6769,2N6770 N-Channel Enhancement-Mode Power MOS Field-Effect Transistors. 4-35 

2N6782 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-39 

2N6784 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-44 

2N6786 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-49 

2N6788 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-54 

2N6790 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-59 

2N6792 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-64 

2N6794 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-69 

2N6796 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-74 

2N6798 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-79 

2N6800 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-84 

2N6802 N-Channel Enhancement-Mode Power MOS Field-Effect Transistor. 4-89 

BUZ11 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-94 

BUZ20 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-98 

BUZ21 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-102 

BUZ32 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-107 

BUZ351 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-112 

BUZ41A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-116 

BUZ42 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-120 

BUZ45 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-125 

BUZ45A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-129 

BUZ45B N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-133 

BUZ60 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-137 
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N-CHANNEL POWER MOSFETs (Continued) 


PAGE 

BUZ60B N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-141 

BUZ71 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-145 

BUZ71A N-Channel Enhancement-Mode Power Field-Effect Transistor.. 4-150 

BUZ72A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-155 

BUZ73A N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-159 

BUZ76 N-Channel Enhancement-Mode Power Field-Effect Transistor. 4-163 

BUZ76A N-Channel Enhancement-Mode Power Field-Effect Transistor.. 4-167 

IRF120, IRF121, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-171 

IRF122, IRF123 

IRF130/131/132/133, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-176 

IRF130R/131R/132R/133R 

IRF140/141/142/143, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-181 

IRF140R/141R/142R/143R 

IRF150/151/152/153, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-186 

IRF150R/151R/152R/153R 

IRF220, IRF221, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-191 

IRF222. IRF223 

1RF230/231/232/233, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-196 

IRF230R/231R/232R/233R 

IRF234, IRF235, N-Channel Power MOSFETs Avalanche Energy Rated. 4-201 

IRF236, IRF237 

IRF240/241/242/243, N-Channel Power MOSFETs Avalanche Energy Rated* .. 4-206 

IRF240R/241R/242R/243R 

IRF244, IRF245, N-Channel Power MOSFETs Avalanche Energy Rated. 4-211 

1RF246, IRF247 

IRF250/251/252/253, N-Channel Power MOSFETs Avalanche Energy Rated* ... 4-216 

IRF250R/251R/252R/253R 

1RF254, IRF255, N-Channel Power MOSFETs Avalanche Energy Rated. 4-221 

IRF256, IRF257 

IRF320, IRF321, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-226 

IRF322, IRF323 

IRF330/331/332/333, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-231 

IRF330R/331R/332R/333R 

IRF340/341/342/343, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-236 

IRF340R/341R/342R/343R 

IRF350/351/352/353, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-241 

IRF350R/351R/352R/353R 

IRF360, IRF362 N-Channel Power MOSFETs Avalanche Energy Rated. 4-246 

IRF420, IRF421, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-251 

IRF422, IRF423 

IRF430/431/432/433, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-256 

IRF430R/431R/432R/433R 

IRF440/441/442/443, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-261 

IRF440R/441R/442R/443R 

IRF450/451/452/453, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-266 

IRF450R/451R/452R/453R 

IRF460, IRF462 N-Channel Power MOSFETs Avalanche Energy Rated. 4-271 
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N-CHANNEL POWER MOSFETs (Continued) 


PAGE 


IRF510/511/512/513, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-276 

IRF510R/511R/512R/513R 

IRF520/521/522/523. N-Channel Power MOSFETs Avalanche Energy Rated*. 4-281 

IRF520R/521R/522R/523R 

IRF530/531/532/533, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-286 

IRF530R/531R/532R/533R 

IRF540/541/542/543. N-Channel Power MOSFETs Avalanche Energy Rated*. 4-291 

IRF540R/541R/542R/543R 

IRF610/611/612/613, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-296 

IRF61 OR/611R/612R/613R 

IRF614 N-Channel Power MOSFET Avalanche Energy Rated. 4-301 

IRF620/621/622/623, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-306 

IRF620R/621R/622R/623R 

IRF624, IRF625, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-311 

IRF626, IRF627 

IRF630/631/632/633, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-316 

IRF630R/631R/632R/633R 

IRF634, IRF635, N-Channel Power MOSFETs Avalanche Energy Rated. 4-321 

IRF636, IRF637 

IRF640/641/642/643, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-326 

IRF640R/641R/642R/643R 

IRF644, IRF645, N-Channel Power MOSFETs Avalanche Energy Rated. 4-331 

IRF646, IRF647 

IRF710/711/712/713, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-336 

IRF710R/711R/712R/713R 

IRF720/721/722/723, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-341 

IRF720R/721R/722R/723R 

IRF730/731/732/733, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-346 

IRF730R/731R/732R/733R 

IRF740/741/742/743, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-351 

IRF740R/741R/742R/743R 

IRF820/821/822/823, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-356 

IRF820R/821R/822R/823R 

IRF830/831/832/833, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-361 

IRF830R/831R/832R/833R 

IRF840/841/842/843, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-366 

IRF840R/841R/842R/843R 

IRFAC40R/42R N-Channel Power MOSFET Avalanche Energy Rated. 4-371 

IRFBC40R/42R N-Channel Power MOSFET Avalanche Energy Rated. 4-377 

IRFD110/111/112/113, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-383 

IRFD110R/111R/112R/113R 

IRFD120/121/122/123, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-388 

IRFD120R/121R/122R/123R 

IRFD1Z0, IRFD1Z1, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-393 

IRFD1Z2, IRFD1Z3 

IRFD210/211/212/213, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-398 

IRFD210R/211R/212R/213R 
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N-CHANNEL POWER MOSFETs (Continued) 


PAGE 

IRFD220/221/222/223, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-403 

IRFD220R/221R/222R/223R 

IRFD2Z0, IRFD2Z1, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-408 

IRFD2Z2, IRFD2Z3 

IRFD310/311/312/313. N-Channel Power MOSFETs Avalanche Energy Rated*. 4-413 

IRFD310R/311R/312R/313R 

IRFD320/321/322/323, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-418 

IRFD320R/321R/322R/323R 

IRFF110/111/112/113, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-423 

IRFF110R/111R/112R/113R 

IRFF120/121/122/123, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-428 

IRFF120R/121R/122R/123R 

IRFF130/131/132/133, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-433 

IRFF130R/131R/132R/133R 

IRFF210/211/212/213, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-438 

IRFF210R/211R/212R/213R 

IRFF220/221/222/223, N-Channel Power MOSFETs Avalanche Energy Rated*.... 4-443 

IRFF220R/221R/222R/223R 

IRFF230/231/232/233, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-448 

IRFF230R/231R/232R/233R 

IRFF310/311/312/313, N-Qhannel Power MOSFETs Avalanche Energy Rated*. 4-453 

IRFF310R/311R/312R/313R 

IRFF320/321/322/323, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-458 

IRFF320R/321R/322R/323R 

IRFF330/331/332/333, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-463 

IRFF330R/331R/332R/333R 

IRFF420/421/422/423, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-468 

IRFF420R/421R/422R/423R 

IRFF430/431/432/433, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-473 

IRFF430R/431R/432R/433R 

IRFP140R, IRFP141R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-478 

IRFP142R, IRFP143R 

IRFP150/151/152/153, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-483 

IRFP150R/151 R/152R/153R 

IRFP240R, IRFP241R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-488 

IRFP242R, IRFP243R 

IRFP244, IRFP245, N-Channel Power MOSFETs Avalanche Energy Rated. 4-493 

IRFP246, IRFP247 

IRFP250/251/252/253, N-Channel Power MOSFETs Avalanche Energy Rated*.. 4-498 

IRFP250R/251R/252R/253R 

IRFP254, IRFP255, N-Channel Power MOSFETs Avalanche Energy Rated. 4-503 

IRFP256. IRFP257 

IRFP340R, IRFP341R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-508 

IRFP342R, IRFP343R 

IRFP350/351/352/353, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-513 

IRFP350R/351R/352R/353R 

IRFP360, IRFP362 N-Channel Power MOSFETs Avalanche Energy Rated. 4-518 
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IRFP440R, IRFP441R, N-Channel Power MOSFETs Avalanche Energy Rated. 4-523 

IRFP442R, IRFP443R 

IRFP450/451/452/453, N-Channel Power MOSFETs Avalanche Energy Rated*. 4-528 

IRFP450R/451R/452R/453R 

IRFP460, IRFP462 N-Channel Power MOSFETs Avalanche Energy Rated. 4-533 

IRFPC40R, IRFPC42R N-Channel Power MOSFETs Avalanche Energy Rated. 4-538 

IRFPG40, IRFPG42 High Voltage N-Channel Enhancement-Mode Power 

Field-Effect Transistors. 4-544 

IRFR110, IRFU110 N-Channel Power MOSFETs Avalanche Energy Rated. 4-549 

IRFR120, IRFR121, N-Channel Power MOSFETs Avalanche Energy Rated. 4-555 

IRFU120, IRFU121 

IRFR214, IRFU214 N-Channel Power MOSFETs Avalanche Energy Rated. 4-560 

IRFR220/221/222, N-Channel Power MOSFETs Avalanche Energy Rated. 4-565 

IRFU220/221/222 

IRFR320/321/322, N-Channel Power MOSFETs Avalanche Energy Rated. 4-570 

IRFU320/321/322 

IRFR410, IRFU410 1.5A, 500V Avalanche Energy Rated N-Channel Enhancement Mode 

Power MOSFETs. 4-575 

IRFR420/421/422, N-Channel Power MOSFETs Avalanche Energy Rated. 4-580 

IRFU420/421/422 

RFL1N08, RFL1N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-585 

RFL1N12, RFL1N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-589 

RFL1N18, RFL1N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-593 

RFL2N05, RFL2N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-597 

RFP2N08, RFP2N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-601 

RFP2N12, RFP2N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-605 

RFP2N18, RFP2N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-609 

RFM3N45, RFM3N50, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-613 

RFP3N45, RFP3N50 

RFP4N05, RFP4N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-617 

RFL4N12, RFL4N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-621 

RFM4N35, RFM4N40, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-625 

RFP4N35, RFP4N40 

RFP4N100 High Voltage N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 4-629 

RFM6N45, RFM6N50, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-633 

RFP6N45. RFP6N50 

RFM7N35, RFM7N40, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-637 

RFP7N35, RFP7N40 

RFM10N12, RFM10N15, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-641 

RFP10N12, RFP10N15 

RFH10N45, RFH10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-645 

RFM10N45, RFM10N50 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-649 

RFD3055, RFD3055SM, 12A, 60V, Avalanche Rated, N-Channel Enhancement-Mode 

RFP3055 Power MOSFETs (MegaFETs). 4-653 
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RFM12N08, RFM12N10, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-659 

RFP12N08, RFP12N10 

RFM12N18, RFM12N20, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-663 

RFP12N18, RFP12N20 

RFH12N35, RFH12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-666 

RFM12N35, RFM12N40 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-671 

RFD14N05, RFD14N05SM, N-Channel Enhancement-Mode Power Field-Effect Transistors 

RFP14N05 (MegaFETs). 4-675 

RFM15N05, RFM15N06, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-680 

RFP15N05, RFP15N06 

RFM15N12,RFM15N15, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-686 

RFP15N12. RFP15N15 

RFD16N05, RFD16N05SM N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-690 

RFM18N08, RFM18N10, N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-694 

RFP18N08, RFP18N10 

RFP22N10 N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET). 4-698 

RFP25N05 N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET). 4-702 

RFH25N18, RFH25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-707 

RFK25N18, RFK25N20 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-711 

RFH30N12, RFH30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-715 

RFK30N12, RFK30N15 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-719 

RFH35N08, RFH35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-723 

RFK35N08, RFK35N10 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-727 

RFG40N10, RFP40N10 N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-731 

RFG45N06, RFP45N06 45A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-736 

RFH45N05, RFH45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-742 

RFK45N05, RFK45N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-746 

RFP50N05, RFG50N05 N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-750 

RFG50N06, RFP50N06 50A, 60V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFETs (MegaFETs). 4-755 

RFP70N03 70A, 30V, Avalanche Rated N-Channel Enhancement-Mode Power 

MOSFET (MegaFET). 4-761 

RFG70N06, RFP70N06 N-Channel Enhancement-Mode Power Field-Effect Transistors. 4-767 

RFG75N05E, RFH75N05E N-Channel Enhancement-Mode Power Field-Effect Transistors 

(MegaFETs). 4-773 

RFA100N05E N-Channel Enhancement-Mode Power Field-Effect Transistor 

(MegaFET).. 4-778 
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August 1991 


2N6755 

2N6756 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 12Aand 14A, 60V- 100V 

• ''DS(on) = 0.1 an and 0.250 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

^(FLANGE) 


Description 

The 2N6755 and 2N6756 are n-channel enhancement-mode Terminai Diagram 
silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 

relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. These J 

types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. / ^ 


Absolute Maximum Ratings (Tq == +250C) Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage (Rqs = SOkfl). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C (See Fig. 11). Pd 

Tc = +1OOOC (See Fig. 11). Pd 

Linear Derating Factor (See Fig. 11).. 

Inductive Current, Clamped. Ilm 

(See Figures 1 and 2, L = 10OjiH) 

Operating and Storage Junction Temperature Range.Tj, TstG 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


-55 to+150* 
300* 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1586.1 
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N-CHANNEL 
POWER MOSFETs 




















Specifications 2N6755, 2N6756 


Electrical Characteristics @Tq- 2SPC (Unless Otherwise Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain - Source Brealtdown Voltage 

2N6755 

60 

- 

- 

V 

vgs = o 



2N6756 

100 

- 

- 

V 

Iq = 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds “ ''gs- Id “ ^ 

'gssf 

Gate - Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vqs ' Ralinfl. Vqs = 0 



- 

0.2 

4.0* 

mA 

Vqs = Max. Rating, Vqs = 0, Tq = 125°C 

''DS(on) 

Static Drain-Source On-State 

2N6755 

- 

- 

3.0* 

V 

Vqs=10V, Id=12A 


Voltage 0 

2N6756 

- 

- 

2.52* 

V 

Vqs = 10V, Iq = 14A 

f^DS(on) 

Static Drain-Source On-State 
Resistance 0 

2N6755 

- 

0.20 

0.25* 

n 

Vgs = 10V, Iq = 8A 


2N6756 

- 

0.14 

0.18* 

n 

Vqs = 10V, Iq - 9A 

'^DSIon) 

Static Drain-Source On-State 
Resistance 0 

2N6755 

- 

- 

0.45* 

n 

Vqs " 10V, Iq - 8A, Tq - 12500 


2N6756 

- 

- 

0.33* 

n 

Vqs = 10V, Iq - 9A, Tq = 1250C 

9fs 

Forward Transconductance 0 

ALL 

4.0* 

5.5 

12.0* 

S (O) 

Vos - 15V, Id==9A 

Cis, 

Input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vqs = 0, Vqs = 25V, f = 1.0 MHz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

150* 

300 

500* 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

50* 

100 

150* 

pF 

*d (on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

VqD - 36V, Ip = 9A, Zjj = 15n 

tf Rise Time 

ALL 

- 

- 

75* 

ns 

(See Figs. 13 and 14) 

*d (off) 

Turn-Off Delay Time 

ALL 

j 

- 

40* 

ns 

(MOSFET switching times are essentially 

»f 

Fall Time 

ALL 


- 

45* 

ns 

independent of operating temperature.) 


Thermal Resistance 


^thJC 

Junction-to-Case 

ALL 

- 

- 

1.67* 

°c/w 


*^thCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

°c/vv 

Mounting surface flat, smooth, and greased. 

”thJA 

Junctioh-to-Ambient 

ALL 

- 

- 

30 

°c/w 

Free Air Operation 


Body-Drain Diode Ratings and Characteristics 


's 

Continuous Source Current 

2N6755 

- 

- 

12* 


Modified MOSFET symbol _^ 

0 


(Body Diode) 

2N6756 

, - 

- 

14* 




'SM 

Pulsed Source Current 

2N6755 

- 

- 

25 


luncuunrect a.. 

y 


(Body Diode) 

2N6756 

- 

- 

30 


_ _ . * 

s 

VSD 

Diode Forward Voltage 0 

2N6755 

0.85* 

- 

1.7* 

V 

Tq = 250c, Is = 12A, Vqs = 0 


2N6756 

0.90* 

- 

1.8* 

1 

V 

Tq ^ 25OC. Ig ^ 14A. Vqs ^ 0 

Reverse Recovery Time 

ALL 

- 

300 


ns 

Tj = 150OC. Ip = Ism, dip= 100 

Qrr 

Reverse Recovered Charge 

ALL 

- 

4.0 

- 

jiC 

Tj = I50°c, Ip = lsM,dlF/dt = 100 A/jiS 


•JEOEC r«gist«red values. Pulse Test: Pulse Width < 300 usee. Duty Cycle ^ 2% 



Fig. 1 — Clamped Inductive Test Circuit 


Fig. 2 — Clamped Inductive Waveforms 



Vqs, drain to source voltage (VOLTS) 

Fig. 3 — Typical Output Characteristics 
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^DS(on) drain TO SOURCE ON RESISTANCE 


2N6755, 2N6756 



0 0 4 0.8 1.2 16 2.0 


Vqs. drain to source VOLTAGE (VOLTS! 

Fig. 5— Typical Saturation Characteristics 
(2N6755) 



Iq. drain current (AMPERES! 

Fig. 7 — Typical Transconductance Vs. Drain Current 



0 0.4 0.8 1.2 1.6 20 


Vos, drain TO SOURCE VOLTAGE (VOLTS! 

Fig. 6— Typical Saturation Characteristics 
(2N6756) 



Vpg. DRAIN TO SOURCE VOLTAGE (VOLTS! 


Fig. 8 — Maximum Safe Operating Area 



Tj, JUNCTION TEMPERATURE (“C! 

Fig.9—Normalized Typical On-Resistance Vs. Temperature 



0 10 20 30 40 50 

Vqs. drain TO SOURCE VOLTAGE (VOLTS! 

Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 
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N-CHANNEL 
POWER MOSFETs 





















2N6755, 2N6756 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE <oc) 

Fig. 11 — Power V$. Temperature Derating Curve 



Fig. 13 — Switching Time Test Circuit 



Vso-SOURCE TO ORAIN VOLTAGE (VOLTS) 

Fig. 12 — Typical Body-Drain Diode Forward Voltage 
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2N6757 

2N6758 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 8A and 9A, 150V - 200V 

• ros(on) = O.BCl 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 


^ DRAIN 

-- ^(FLANGE) 


N-CHANNEL ENHANCEMENT MODE 


Description 

The 2N6757 and 2N6758 are n-channel enhancement-mode Terminai Diagram 
silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHAf 

relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1587.1 
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N-CHANNEL 
POWER MOSFETs 





















Specifications 2N6757, 2N6758 


ElMtrical Charactorittics 25^0 (Uniaaa Otharwiaa SpacHfad) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

2N6757 

150 

- 

- 

V 

Vgs’O 



2N6758 

200 

- 

- 

V 

Iq - 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vqs ' '^GS- ’O ■ ' 

•gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vgs = 20V 

•gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vgs^-20V 

toss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds “ M«*. R4ting. Vqj - 0 



- 

0.2 

4.0* 

mA 

Vfjs - Max. Rating. Vqj • 0, Tq - 125°C 

''DS(on) 

Static Drain-Source On-State 

Voltage Q 

2N6757 

- 

- 

4.8* 

V 

Vqs * 10V. ‘d = 8^ 


2N6758 

- 

- 

3.6* 

V 

Vgs = 10V, lo » 9A 

f’DS(on) 

Static Drain-Source On-Stata 
Resistance Q 

2N6757 

- 

0.4 

0.6* 

n 

Vgs = 10V. Id = 5A 


2N6758 

- 

0.25 

0.4* 

n 

Vgs = 10V, Iq = BA 

Rosiort) Static Drain-Source On-State 

2N6757 

- 

- 

1.13* 

n 

Vgs = 10V, Ip = 5A, Tc = 125®C 



2N6758 

- 

- 

0.75* 

n 

Vgs= 10V,l(, = 6A,Tc - 1250C 

«fs 

Forward Transconductance 

ALL 

3.0* 

5.0 

9.0* 

S(U) 

Vds= 15V,Id = 6A 

^its 

Input Capacitance 

ALL 

350* 

600 

800* 

pF 

Vgs ' 0, Vqs • 25V, f « i .0 mhi 

Cos. 

Output Capacitance 

ALL 

100* 

250 

450* 

PF 

Cr« 

Reverse Transfer Capacitance 

ALL 

40* 

80 

150* 

pp 

See Fig. 10 

*d (on) 

Turn-On Delay Time 

ALL 


- 

30* 

ns 

Vqd SJ90V, Ijj = 6A, Zq » 15n 

V 

Rise Time 

ALL 

- 

- 

50* 

ns 

(See Figs. 13 and 14) 

*d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

50* 

ns 

(MOSFET switching times are essentially 

<f 

Fall Time 

ALL 

- 

- 

40* 

ns 

independent of operating temperature.) 


Tharmai Reaiatanca 


RthJC Junction-to-Case 

ALL 

- 

- 

1.67* 

°c/w 


l^thCS Case-to-Sink 

ALL 

- 

0.1 

- 

°c/vv 

Mounting surface flat, smooth, and greased. 

RthjA Junction-to-Ambient 

ALL 

- 

- 

30 

=>c/vv 

Free Air Operation 


Body-Drain Dioda Ratings and Charactaristics 


's 

Continuous Source Current 

2N6757 

-• 

- 

8.0* 


Modified MOSFET symbol 

fo 


(Body Diode) 

2N6758 

- 

- 

9.0* 


showing the integral /!)*-* 


*SM 

Pulsed Source Current 

2N6757 

- 

- 

12 


ravei se P N junction rectifier. ^ 

y 


(Body Diode) 

2N6758 

- 

- 

15 


i 


vso 

Diode Forward Voltage ^ 

2N6757 

0.75* 

- 

1.50* 

V 

Tc = 25OC, Is * 8A, Vqs = 0 


2N6758 

0.80* 

- 

1.60* 

V 

Tc = 25OC, Is = 9A. Vgs = 0 

tff Reverse Recovery Time 

ALL 

- 

650 

- 

ns 

Tj = 150OC, Ip « IsM.dlp/dt - 100 A/ps 

Qrr 

Reverse Recovered Charge 

ALL 

- , 

10 

- 

mC 

Tj . 150®C, Ip • Ism. dlp/dt • 100 A/ps 


• JEOEC registered values. O Pulse Test: Pulse Width < 300 its9C, Duty Cycle ^ 2% 



Fig. 1 — Clamped inductive Test Circuit 


Fig. 2 — Clamped inductive Waveforms 



0 20 40 60 so 100 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 



0 1 2 3 4 S 6 7 

Vqs. GATE TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Output Characteristics 


Fig. 4 — Typical Transfer Characteristics 
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9fj. TRANSCONOUCTANCt (SIEMENS) Iq. DRAIN CURRENT (AMPERES) 


2N6757. 2N6758 



CHANNEL 
:r MOSFETs 


























2N6757, 2N6758 



0 20 40 SO 80 100 120 140 

Tc. CASE TEMPERATURE (OC) 

Fig. 11 — Power Vs. Temperature Derating Curve 




0 1 2 
VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 12 — Typical Body-Drain Diode Forward Voltage 



4-14 





2N6759 

2N6760 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 4.5A and 5.5A, 350V - 400V 

• ^DS(on) = and 1.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


SOURCE 


TO-204AA 
BOTTOM VIEW 



DRAIN 
y (FLANGE) 


N-CHANNEL ENHANCEMENT MODE 


Description 

The 2N6759 and 2N6760 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHAr 

relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (Rqs = SOkH). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +25OC (See Figure 11). Pd 

Tc = +1OQOC (See Figure 11). Pd 

Linear Derating Factor (See Figure 11). 

Inductive Current, Clamped. Ilm 

(See Figures 1 and 2, L = 100|iH) 

Operating and Storage Junction Temperature Range.Tj, Tg-fc 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-65 to+150* 
300* 


-55 to+150* 
300* 


^JEOEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1588.1 
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Specifications 2N6759, 2N6760 


Electrical Characteristics @ Tq = 25^C (Unless Otherwise Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVjjss Drain - Source Breakdovrn Voltage 

2N6759 

350 

- 

- 

V 

Vgs = 0 
■o ° 1.0 mA 

2N6760 

400 

- 

- 

V 

^GS(th) Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

^DS '^GS' 'D “ ’ 

*GSSF ~ ®o*'V l-eakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

■gssR ~ Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs - -20V 

loss Vo*T*0* Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vqg = Max. Rating, Vqj = 0 

- 

0.2 

4.0* 

mA 

Vqs - Max. Rating, Vqj = 0, Tq = 125^0 

Vos(on) Static Drain-Source On-State 

Voltage Q ^ 

2N6759 

- 

- 

7.0* 

V 

Vqs = 10V. 'd = 

2N6760 

- 

- 

6.7* 

V 

Vqs= 10V, Iq = 5.5A 

*^OS(on) Drain-Source On-State 

Resistance (j) 

2N6759 

- 

1.0 

1.5* 

n 

Vgs= 10V, Id = 3A 

2N6760 

- 

0.8 

1.0* 

n 

Vgs= 10V, Id = 3.5A 

RoSlon) Static Drain-Source On-State 
Resistance Q 

2N6759 

- 

- 

3.3* 

n 

Vqs = 10V, Ip = 3A, Tc = 125°c 

2N6760 

- 

- 

2.2* 

n 

Vgs = 10V, Id = 3.5a,Tc = 1250c 

Forward Transconductance ^ 

ALL 

3.0* 

4.5 

9.0* 

S («) 

VdS = 15V, Id = 3.5A 

Cjjj Input Capacitance 

ALL 

350* 

600 

800* 

pp 

Vgs ‘ 0, vds = 25v, f = 1.0 mhz 

See Fig. 10 

^oss Output Capacitance 

ALL 

50* 

150 

300* 

pF 

Crss Reverse Transfer Capacitance 

ALL 

20* 

40 

80* 

PF 

*d (on) Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

Vdd - 1T5V, Id = 3.5A, = 1517 

(See Figs. 13 and 14) 

(MOSFET switching times are essentially 

independent of operating temperature.) 

Rise Time 

ALL 

- 

- 

35* 

ns 

*d (off) Turn-Off Delay Time 

ALL 

- 

- 

55* 

ns 

tf Fall Time 

ALL 

- 

- 

35* 

ns 


Thermal Resistance 


fIthJC 

Junction-to-Case 

ALL 

- 

- 

1.67* 

^’C/W 


'^thCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

°c/w 

Mountirtg surface flat, smooth, and greased. 

”thJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

°c/w 

Free Air Operation 


Body-Drain Diode Ratings and Characteristics 


•s 

Continuous Source Current 
(Body Diode) 

2N6759 

- 

- 

4.5* 

A 

Modified MOSFET symbol _ ^ 

showing the integral 

D 

2N6760 

- 

- 

5.5* 

'SM 

Pulsed Source Current 
(Body Diode) 

2N6759 

- 

- 

7.0 

A 


2N6760 

- 

- 

8.0 

vso 

Diode Forward Voltage ^ 

2N67S9 

0.70* 

- 

1.4* 

V 

Tc = 25OC, Is = 4.5A, Vgs = 0 



2N6760 

0.75* 

- 

1.5* 

V 

Tc » 25OC, Is “ 5.6A, Vgs = 0 

Reverse Recovery Time 

ALL 

- 

550 

- 

ns 

Tj = 150OC, Ip •= Ism. dlp/dt » 100 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

- 

8.0 

- 

pC 

Tj = 150OC, Ip = Ism. = 100 A/ms 


•JEOEC registered values. © Pulse Test: Pulse Width < 300 m*«c. Duty Cycle ^ 2% 



= 0.5BVqss 
'0.75BVOSS 



Fig. 1 — Clamped Inductive Test Circuit 


Fig. 2 — Clamped Inductive Waveforms 



0 so 100 ISO 200 250 300 


Vqs. drain to source voltage (VOLTS) 

Fig. 3 — Typical Output Characteristics 



0 1 2 3 4 5 6 7 


Vgs, gate to source voltage (VOLTS) 

Fig. 4 — Typical Transfer Characteristics 
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(5, TRANSCONDUCTANCE (SIEMENS) 


2N6759, 2N6760 



0 2 4 6 8 10 


Vqs. drain to source voltage (VOLTS) 

Fig. 5— Typical Saturation Characteristics 
(2N6759) 



0 2 4 6 8 10 

Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 6— Typical Saturation Characteristics 
(2N6760) 



Iq, drain CURRENT (AMPERES) 

Fig. 7 — Typical Transconductance Vs. Drain Current 



Vp5, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 8 — Maximum Safe Operating Area 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE 

Fig. 9—Normalized Typical On-Resistance Vs. Temperature 



0 10 20 30 40 50 

Vqs. drain to source voltage (VOLTS! 

Fig. 10 Typical Capacitance Vs. Drain-to-Source Voltage 



















2N6759. 2N6760 



0 20 40 60 80 too 120 140 

Tc, CASE TEMPERATURE (OC) 

Fig. 11 — Power Vs. Temperature Derating Curve 



0 1 

VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 12 — Typical Body-Drain Diode Forward Voltage 



Fig. 13 — Switching Time Test Circuit 
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ClS!i 


2N6761 

2N6762 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 4.0A, S.5A and 450V - 500V 

• RDS(ON) = 0.8n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 


^(FLANGE) 


Description 

The 2N6761 and 2N6762 are n-channel enhancement-mode Terminal Diagram 
silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHANCEMENT MODE 

relay drivers, and drivers for high-power bipolar switching 

transistors requiring high speed and low gate-drive power. These J 

types can be operated directly from integrated circuits. 

These types are supplied in the JED EC TO-204AA steel package. / ] 


Absolute Maximum Ratings (Tq = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (Rqs = 20kn). 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +25OC (See Figure 11). Pd 

Tc * +1OQOC (See Figure 11). Pd 

Linear Derating Factor (See Figure 11). 

Inductive Current, Clamped. Ilm 

(See Figures 1 and 2, L - lOOfiH) 

Operating and Storage Junction Temperature Range.Tj, TstG 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


-55 to +150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1589.1 
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Specifications 2N6761, 2N6762 


Electrical Characteristics @ Tq ^ 25<’C (Unless Otherwise Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Uniu 

Test (Conditions 

BVoss 

Drain - Source Breakdown Voltage 

2N6761 

450 

- 

- 

V 

Vgs = 0 



2N6762 

500 

- 

- 

V 

Iq = 4.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0« 

- 

4.0* 

V 

Vqs “ '^GS' 'd ° 

•gssf 

Gate - Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs “ 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vqs = -20V 

>oss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vqs “ 0.8 X Max. Rating, Vgg = 0 



- 

0.2 

4.0* 

mA 

Vpg - Max. Rating, Vgg = 0, T^ = 25°C to 125°C 

''DS(on) 

Static Drain-Source On-State 

Voltage 0 

2N6761 

- 


8.0* 

V 

VOS'^OV, Id = 4A 


2N6762 

- 

- 

7.7* 

V 

Vgs=10V,Id-4.5A 

'’DS(on) 

Static Drain-Source Ort-State 
Resistance 0 

2N6761 

- 

1.5 

2.0* 

n 

Vgs= 10V,Id= 2.5A 


2N6762 

- 

1.3 

1.5* 

n 

Vgs = ’OV, Iq = 3.0A 

^DS(on) 

Static Drain-Source On-State 
Resistance 0 

2N6761 

- 

— 

4.4* 

n 

Vqs = 10V, Iq = 2.5A, Tc = 1250C 


2N6762 

- 

- 

3.3* 

n 

Vqs = 10V, Iq = 3.0A, Tc = 1250C 

«fs 

Forward Transconductance 0 

ALL 

2.5* 

3.5 

7.5* 

S(U) 

Vqs = 16V, Ij, = 3A 

Ciss 

Input Capacitance 

ALL 

350* 

600 

800* 

PF 

Vqs “ 0. Vqs • 25V, f = 1.0 MHz 

Coss 

Output Capacitance 

ALL 

25* 

100 

200* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

15* 

30 

60* 

pF 

See Fig. 10 

(on) 

Turn-On Delay Time 

ALL 

- 

- 

30* 

ns 

V[3o 225V, Ijj = 3A, Z^ = 15D 

Rite Time 

ALL 

- 

- 

30* 

ns 

(See Figs. 13 and 14) 

*d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

55* 

ns 

(MOSFET switching times are essentially 

‘f 

Fall Time 

ALL 

- 

- 

30* 

ns 

independent of operating temperature.) 


Thermai Resistance 


RthJC Junction-to-Case 

ALL 

- 

- 

1.67* 

>c/w 


l^thCS Case-to-Sink 

ALL 

- 

0.1 

- 

'^C/W 

Mounting surface flat, smooth, and greased. 

RthjA Junction-to-Ambiant 

ALL 

- 

- 

30 

°c/w 

Free Air Operation 


Body-Drain Diode Ratings and Characteristics 


's 

Continuous Source Current 
(Body Diode) 

2N6761 

- 

- 

4.0* 

A 

Modified MOSFET symbol _j 

showing the integral 

D 

,S 

2N6762 

- 

- 

4.5* 

•SM 

Pulsed Source Current 
(Body Diode) 

2N6761 

- 

- 

6.0 

A 


2N6762 

- 

- 

7.0 

vso 

Diode Forward Voltage 0 

2N6761 

0.65* 

- 

1.3* 

V 

Tc = 25 OC. Is = 4A, Vqs = 0 



2N6762 

0.7* 

- 

1.4* 

V 

Tc = 25 OC, Is *4.5A, Vqs “ 0 

Vr 

Reverse Recovery Tima 

ALL 

- 

500 

- 

ns 

Tj - 150®C, Ip « Ism, dlp/dt = 100 A/ms 

<^RR 

Reverse Recovered Charge 

ALL 

- 

7.0 

- 

mC 

Tj - 150®C, Ip - Ism. d'F/d' “ 100 A/ms 


*JEDEC ragttterad values. 0 Pulse Test; Pulse Width < 300 Msec, Duty Cycle < 2% 



Fig. 1 — Clamped Inductive Test Circuit 



Fig. 2 — Clamped Inductive Waveforms 



Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 — Typical Output Characteristics 



0 1 2 3 4 5 6 7 

Vos, gate to source voltage (VOLTS) 


Fig. 4 — Typical Transfer Characteristics 
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RDS(on) DRAIN TO SOURCE ON RESISTANCE 
(NORMALIZED) 


2N6761, 2N6762 



0 2 4 6 8 10 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 



0 2 4 6 8 10 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 5— Typical Saturation Characteristics 
(2N6761) 


Fig. 6— Typical Saturation Characteristics 
(2N6762) 


Fig. 



Iq. DRAIN CURRENT (AMPERES) 

7 — Typical Transconductance Vs. Drain Current 



Vpg, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 8 — Maximum Safe Operating Area 




-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 

Fig.9 —Normalized Typical On-Resistance Vs. Temperature 



0 10 20 30 40 50 

Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 —Typical Capacitance Vs. Drain-to-Source Voltage 
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2N6761, 2N6762 



0 20 40 60 80 too 120 140 


Tc. CASE TEMPERATURE (“Cl 

Fig. 11 - Power V$. Temperature Derating Curve 



1.0 I-1-1-L-J- 

0 1 

Vso. SOURCE TO ORAIN VOLTAGE (VOLTS) 


Fig. 12 — Typical Body-Drain Diode Forward Voltage 



Fig. 13 — Switching Time Test Circuit 
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August 1991 


2N6763 

2N6764 

N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 

• 31A and 38A, 60V - 100V 

• ''DS(on) = O.OSn and O.OSSn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


T0-204AE 
BOTTOM VIEW 



DRAIN 

(FLANGE) 


Description 

The 2N6763 and 2N6764 are n-channel enhancement-mode 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

These types are supplied in the JED EC TO-204AE steel package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (Rqs = 20kn) . Vqqr 

Continuous Drain Current 

Tc = +250C.. Id 

Tc = +100 OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C (See Figure 11). Pd 

Tc = +1OOOC (See Figure 11). Pd 

Linear Derating Factor (See Figure 11). 

Inductive Current, Clamped. Ilm 

(See Figures 1 and 2, L = 10O^iH) 

Operating and Storage Junction Temperature Range.Tj, Tstg 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1590.1 
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Specifications 2N6763, 2N6764 


ELECTRICAL CHARACTERISTICS @ Te = 2S°C (Untot* OtharwiM SpMlIlad) 


[ Paremeter 

Type 

KOH 

■2231 



Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

2N6763 


- 

- 

V 

Vgs“0 



2N6764 



- 

V 

Iq = 1.0 mA 

VGS(th) 

Gate Threshold Voltage 

ALL 

Bmi 

- 

■SB 

V 

Vds * '^GS' 'd * ^ 

'gssf 

Gate - Body Leakage Forward 

ALL 

- 

- 

mom 

nA 

Vgs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

moiii 


VGS--20V 

>DSS 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

mm 

mA 

Vq 5 * Max. Rating, Vgs * 0 



- 

0.2 

■SB 

mmoQiiiii 

Vqs - Max. Rating, Vgs = 0. Tc » 125®C 

VDS(on) 

Static Drain-Source On-State 

Voltage Q 

2N6763 

- 

- 


V 

Vgs-iovid^oia 


2N6764 

- 

- 

iQijim 

V 

Vgs*10V.Id = 38A 

”DS(on) 

Static Drain-Source On-State 
Resistance (?) 

2N6763 

- 


0.08* 

n 

Vgs = lov. |0 = 20A 


2N6764 

- 

0.045 

0.055* 

Cl 

Vgs=10V,Id = 24A 

”oS(on) 

Static Drain-Source On-State 
Resistance 

2N6763 

- 

- 


fi 

Vqs = 10V, |0 = 20A, Tc = I 25 OC 


2N6764 

- 

- 


SI 

Vgs = 10 V, |0 = 24A, Tq = 125 OC 

«f* 

Forward Transconductance (?) 

ALL 

isa 

mgii 

27* 

S (U) 

Vqs= 15V, 10= 24A 


input Capacitance 

ALL 

IQQJI 


3000* 

pF 

Vgs ' 0 . V 0 S » 25V. f * 1.0 mhi 

See Fig. 10 

Coss 

Output Capacitance 

ALL 



1500* 

PF 

Crss 

Reverse Transfer Capacitance 

ALL 

BSB 

H3i 

500* 

pF 


*d (on) 

Turn-On Delay Time 

ALL 

- 

- 

35* 

ns 

V00 ^ 24V, l0 = 24A. Zq = 4.7S1 

tf Rise Time 

ALL 

- 

- 

100* 

ns 

(See Figs. 13 and 14) 

'd (off) 

Turn-Off Delay Time 

ALL 

- 

- 

125* 

ns 

(MOSFET switching times are essentially 


Fall Time 

IQgH 

- 

- 

100* 

ns 

independent of operating tamperature.) 


THERMAL RESISTANCE 


’^thJC 

Junction-to-Case 

ALL 

- 

■ - 

KI31 



^thCS 

Case-to-Sink 

ALL 

- 

0.1 


B3S3i 


”thJA 

Junction-to-Ambient 

ALL 

- 

- 

mm 

10231 

1 Free Air Operation | 


BODY-DRAIN DIODE RATINGS AND CHARACTERISTICS 


•s 

Continuous Source Current 


- 

- 

31- 

A 


lamm 


(Body Diode) 


- 

- 

■EH 


bbbi^^ 


'SM 

Pulsed Source Current 


- 

- 

60 


y 


(Body Diode) 


- 

- 

■B 



is 


Diode Forward Voltage 

2N6763 


- 

1 .8* 

V 

Tc = 25°C. Is* 31 A,Vgs=0 

■1 

2N6764 


- 

1.9* 

V 

Tc = 250C, Is = 38A.Vgs=0 

mm 

Reverse Recovery Time 

ALL 

- 

500 

- 

ns 

Tj * 150®C, Ip = IgM. • ■'00 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

- 

10 

- 

mC 

Tj = 150®C. Ip = Ism. dip/dt * 100 A/ms 


*JEDEC registered vsiues. CD Put** Test: Pulse Width < 300 /usee. Duty Cycle ^ 2% 



Fig. 1 - Clamped inductive test circuit. 


Fig. 2 - Clamped inductive waveforms. 
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iQ. DRAIN CURRENT (AMPERES) 


2N6763. 2N6764 
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■i 



9 

B 



s 

s 
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5 
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5 
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9 

B 


0 10 20 30 40 SO 

Vos. DRAIN TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical output characteristics. 



Vgs. gate TO-SOURCE VOLTAGE (VOLTS) 

Fig. 4 - Typical transfer characteristics. 




0 0.4 0.8 1.2 1 6 2.0 

Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 



Fig. 5 - Typical saturation characteristics for the 2N6763. Fig. 6 - Typical saturation characteristics for the 2N6764. 



lo. ORAIN CURRENT (AMPERES) 



Fig. 7 - Typical transconductance vs. drain current. 


Fig. 8 - Maximum safe operating areas. 


N-CHANNEL 
POWER MOSFETs 




























2N6763, 2N6764 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“C) 

Fig. 9 - Typical normalized on-resistance vs. temperature. 



Vos, drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“C) 



Vso, SOURCE TO ORAIN VOLTAGE (VOLTS) 


Fig. 11 - Power vs. temperature derating curve. 


Fig. 12- Typical body-drain diode forward voltage. 




Fig. 13 - Switching time test circuit. 


Fig. 14 - Switching time waveforms. 
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2N6765 

2N6766 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 25A and 30A, 150V - 200V 

• r[)S(on) = 0.0850 and 0.120 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


SOURCE 


TO-204AE 
BOTTOM VIEW 


DRAIN 

/ (FLANGE) 


N-CHANNEL ENHANCEMENT MODE 


Description 

The 2N6765 and 2N6766 are n-channel enhancement-mode Terminai Diagram 
silicon-gate power field-effect transistors designed for applications 

such as switching regulators, switching converters, motor drivers, N-CHANNEL ENHAl 

relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

These types are supplied in the JED EC TO-204AE steel package. 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (Rqs “ 20kfl). Vqqr 

Continuous Drain Current 

Tq = +250C. Iq 

Tc*+100OC. Ip 

Pulsed Drain Current. IqM 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tq = + 25 OC (See Figure 11).Pp 

Tq = +1OQOC (See Figure 11).Pp 

Linear Derating Factor (See Figure 11).. 

Inductive Current, Clamped. Ilm 

(See Figures 1 and 2, L = lOOfiH) 

Operating and Storage Junction Temperature Range.Tj, TqtG 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


-55 to+150* 
300* 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright ® Harris Corporation 1991 


File Number 1591.1 
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Specifications 2N6765, 2N6766 


Electrical Characteristics @ Tc = 25° C (Unless Otherside Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

2N6765 

150 

- 

- 

V 

Vgs = o 



2N6766 

200 

- 

- 

V 

Iq = 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds “ '^GS' 'd “ ^ 

‘gssf 

Gate — Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 

100* 

nA 

Vgs = -20V 

■dss 

Zero Gate Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vqs = Max. Rating, Vgg = 0 



- 

0.2 

4.0* 

mA 

Vqs * Max. Rating, Vqs = 0, Tq * 125°C 

'^DS(on) Swic Drajn-Source On-State 

2N6765 

- 

- 

3.0* 

V 

Vgs = 10V, Iq = 25A 


vuiioyB ^ 

2N6766 

- 

- 

2.7* 

V 

Vgs = ■'OV. Iq = 30A 

'’DS(on) 

Static Drain-Sou^ On-State 
Resistance ^ 

2N6765 

- 

0.09 

0.12* 

n 

Vgs= ^OV, Iq= 16A 


2N6766 

- 

0.07 

0.085* 

n 

Vgs=‘'0V, Iq = 19A 

^DSlon) 

Static Drain-Source On-State 
Resistance ^ 

2N6765 

- 

- 

0.216* 

n 

Vqs = 10V. Iq = 16A, Tq = I 25 OC 


2N6766 

- 

- 

0.153* 

n 

Vgs = 10V, Id = 19A. Tq = I 25 OC 

flfs 

Forward Transconductance (j) 

ALL 

9.0* 

15.5 

27* 

S (U) 

VdS=15V, Iq=19A 

Ciss 

Input Capacitance 

ALL 

1000* 

2000 

3000* 

pF 

Vgs “ 0 . Vqs = 25v. f = i .0 mhz 

See Fig. 10 

Coss 

Output Capacitance 

ALL 

450* 

800 

1200* 

pF 

Cr« 

Reverse Transfer Capacitance 

ALL 

150* 

300 

500* 

pF 


*d (on) 

Turn-On Delay Time 

ALL 

- 

- 

35* 

ns 

Vqd ^ 95V, Iq = 19A, Zq = 4.7f2 

t^ Rise Time 

ALL 

- 

- 

100* 

ns 

(See Figs. 13 and 14) 

*d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

125* 

ns 

(MOSFET switching times are essentially 

*f 

Fall Time 

ALL 

- 

. - 

100* 

ns 

independent of operating temperature.) 


Thermal Resistance 


RthJC Junction-to-Case 

ALL 

- 

- 

0.83* 

i »c/w 


RthCS Case-to-Sink 

ALL 

- 

0.1 

- 

°C/W 

Mounting surface flat, smooth, and greased. 

RthjA Junction-to-Ambient 

ALL 

- 

- 

30 

“C/W 

Typical socket mount 


Body-Drain Diode Ratings and Characteristics 


‘S 

Continuous Source Current 

2N6765 

- 

- 

25* 

A 

Modified MOSFET symbol 



(Body Diode) 

2N6766 

- 

- 

30* 


showing the integral /fi-“ 

reverse P-N junction rectifier. ^ 

1 


•SM 

Pulsed Source Current 

2N6765 

- 

- 

50 




(Body Diode) 

2N6766 

- 

- 

60 



VSD 

Diode Forward Voltage ^ 

2N6765 

0.85* 

- 

1.7* 

V 

Tq = 25 OC. Ig = 25A, Vqs = 0 


2N6766 

0.9* 

- 

1.8* 

V 

Tc=25OC.Is = 30A, Vqs = 0 

*rr 

Reverse Recovery Time 

ALL 

- 

500 

- 

ns 

Tj = 150°C. Ip = ISM, dlp/dt = 100 Alps 

Qrr 

Reverse Recovered Charge 

ALL 

- 

10 

- 

mC 

Tj = 150OC, Ip = Ism. dip/dt = 100 A/ms 


*JEOEC registered values. CD Pulse Test: Pulse Width < 300 Msec, Duty Cycle < 2% 



Fig. 1 — Clamped Inductive Test Circuit 




'Vds 


V. 


Fig. 2 — Clamped Inductive Waveforms 
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RoS(on). DRAIN TO SOURCE ON RESISTANCE 
(NORMALIZED) 


2N6765, 2N6766 
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•40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig.9~Normalized Typical On-Resistance Vs. Temperature 



Fig. 10 — Typical Capacitance Vs. Drain-to*Source Voltage 



0 20 40 60 80 100 120 140 

Tc,CASE TEMPERATURE |OC) 

Fig. 11 — Power Vs. Temperature Derating Curve 



Vso. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 12 — Typical Body-Drain Diode Forward Voltage 
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2N6767 

2N6768 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 

• 12A and 14A, 350V - 400V 

• ''DS(on) = and 0.3n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


SOURCE 


TO-204AA 
BOTTOM VIEW 



DRAIN 

^(FLANGE) 


Description 

The 2N6767 and 2N6768 are n-channel enhancement-mode 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

These types are supplied in the JED EC TO-204AA steel package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Continuous Drain Current 

Tc = +250C. 

Tc = +100OC. 

Pulsed Drain Current. 


Maximum Power Dissipation 


Above Tq = +2 50 c, Derate Linearly 


(See Figures 1 and 2, L = 


(0.063" (1.6mm) from case for 10s) 


*JEDEC registered values 



2N6767 

2N6768 

UNITS 

.... Vds 

350* 

400* 

V 

•••VdGR 

350* 

400* 

V 

. iD 

12* 

14* 

A 

. Id 

7.75* 

9* 

A 

.Idm 

20 

25 

A 

.... Vgs 

±20* 

±20* 

V 

.Pd 

150* 

150* 

W 


1.2* 

1.2* 

W/OC 

.Ilm 

20 

25 

A 

Tj.TSTG 

-55 to +150* 

-55 to+150* 

OC 

.Tl 

300* 

300* 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1898.1 
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Specifications 2N6767, 2N6768 


Electrical CharactarMica @ Tq « 25<’C (Unlaaa Otharwiaa SpacHiad) 


Parameter 

Type 


K2SB 



Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

2N6767 


- 

- 

V 

Vgs-0 



2N6768 

400 

- 

- 

V 

Iq “ 1.0 mA 

''GS(th) 

Gate Threshold Voltage 

ALL 


- 


V 

'^DS " '^GS' •d " ^ 

Iqssf 

Gate - Body Leakage Forward 

ALL 

- 

- 


nA 

Vqs “ 20V 

'gssr 

Gate - Body Leakage Reverse 

ALL 

- 

- 


nA 

VGS--20V 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 



mA 

Vqs ■ Max. Rating, Vqs • 0 




wS 

mm 

mA 

Vqs “ Max. Rating, Vqs “ 0, Tq ■ 125®C 

''DS(on) 

Static Drain-Source On-State 

Voltage Q 

2N6767 

- 

- 

mm 

V 

Vqs-10V, Iq-12A 


2N6768 

- 

- 

IQJII 

V 

Vqs-10V, Iq-14A 

f^DS(on) 

Static Drain-Source On-State 
Resistance 0 

2N6767 

- 

KSI 

IQ2II 

n 

Vgs“10V,Iq = 7.75A 


2N6768 

- 



n 

Vqs'IOV.Iq^O.OA 

^DS(on) 

Static Drain-Source On-State 
Resistance ^ 

2N6767 

- 

- 

0.88* 

n 

Vqs * 10V, Iq « 7.75A, T^ - 125®C 


2N6768 

- 

- 

0.66* 

n 

Vqs * 10V, Iq = 9.0A, Tq - 125®C 


Forward Transconductance (T) 

ALL 

8.0* 

11.0 

24* 

S(0) 

Vqs»15V, Iq = 9.0A 

Ciss 

Input Capacitance 

ALL 

1000* 

2000 

3000* 



Coss 

Output Capacitance 

ALL 



600* 

PF 

Cru 

Reverse Transfer Capacitance 

ALL 

igmn 

■a 

200* 

PF 


'd (on) 

Turn-On Delay Time 

ALL 

- 

- 

35* 

ns 

Vqq 25 180V, Id - 9.0A, 2^ - 4.70 

V 

Rise Time 

ALL 

- 

- 


ns 

(See Figs. 13 and 14) 

^d (off) 

Turn-Off Delay Time 

ALL 

- 

- 

150* 

ns 

(MOSFET switching times are essentially 

«f 

Fail Time 

ALL 

- 

- 

75* 

ns 

independent of operating temperature.) 


Tharmal Raaistanca 


RthJC Junction-to-Case 

ALL 

- 

- 

Iljjyyil 



RthCS Case-to-Sink 

ALL 

- 

0.1 

- 

“C/W 

Mounting surface flat, smooth, and greased. 

RthjA Junction-to-Ambient 

ALL 

- 

- 

30 

*c/w 

Free Air Operation 


Body-Drain Dioda Ratinga and CharactarMics 


•s 

Continuous Source Current 

2N6767 

- 

- 

12* 

A 

Modified MOSFET symbol _^ 



(Body Diode) 

2N6768 

- 

- 

KBI 


showing the integral 

reverse P-N junction rectifier. (I 

G 


'SM 

Pulsed Source Current 

2N6767 

- 

- 

20 




(Body Diode) 

2N6768 

- 

- 

25 



VsD 

Diode Forward Voltage ^ 

2N6767 

0.8* 

- 

1.6* 

V 

Tc = 250C, ls= 12 A,Vgs»0 


2N6768 

0.85* 

- 

1.7* 

V 


Vr 

Reverse Recovery Time 

ALL 

- 

1000 

- 

ns 

Tj = 150®C, Ip » Ig^^, dlp/dt - 100 A/ms 

Qrr 

Reverse Recovered Charge 

ALL 

- 

25 

- 

mC 

Tj = 150®C, Ip « Ism, dip/dt = 100 A/ps 


*JEOEC ragittared vaiuai. CD Pulse Test: Pulse Width ^ 300 Msec, Duty Cycle ^ 2% 


VARY tp TO OBTAIN 
REQUIRED PEAK I 



lb'E,=0.5BVDSS 

Vn = 0.75BVoss 



Fig. 1 - Clamped inductive test circuit. 


Fig. 2 - Clamped inductive waveforms. 
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g,„ TRANSCONDUCTANCE (SIEMENS) ' 10 , DRAIN CURRENT (AMPERES) CO Iq, DRAIN CURRENT (AMPERES) 


2N6767, 2N6768 




■n 

■■ 


B 


^ imm 

u 



mm 


IHHHI 

n 



M 



B 



mm 

mm 

s 


0 50 100 150 200 250 300 

Vqs, DRAIN-TO SOURCE voltage (VOLTS) 




"1 

rj 

1 PULSE TEST—. 
1 











Tj.* 

250CV. 


Tj» 

25»C.^ 



550 c 








0 1 2 3 4 5 6 

Vqs. GATE-TO SOURCE voltage (VOLTS) 


- Typical output characteristics for both types. 


Fig. 4 - Typical transfer characteristics for both types. 



0 1 2 3 4 5 

V0S, DRAIN-TO SOURCE VOLTAGE (VOLTS) 

'ypical saturation characteristics for the 2N6767. 



Vqs, DRAIN-TO SOURCE VOLTAGE (VOLTS) 

Fig. 6. - Typical saturation characteristics for the 2N6768. 




- Vds=15V - 4 - 

I I I 

- 80*1$ PULSE TEST - 


iQ, DRAIN CURRENT (AMPERES) 


laasaEasassESCi 


SSSmS8B&BI 



Vds, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 8 - Maximum safe operating area for both types. 


Fig. 7 - Typical transconductance versus drain current for 
both types. 
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2N6767, 2N6768 
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— 



0 10 20 30 40 50 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 9 - Typical normalized on-resistance versus temp¬ 
erature for both types. 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage for both types. 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 



0 1 2 
Vsd.SOURCE-TO-ORAIN VOLTAGE (VOLTS) 


Fig. 11 - Power versus temperature derating curve 
for both types. 


Fig. 12- Typical body-drain diode forward voltage 
for both types. 




Fig. 13 - Switching time test circuit. Fig. 14 - Switching time waveforms 
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2N6769 

2N6770 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 

• 11A and 12A, 450V - 500V 

• rDS(on) = 0-5^^ and 0.4fl 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

(FLANGE) 


Description 

The 2N6769 and 2N6770 are n-channel enhancement-mode 
silicon-gate power MOS field-effect transistors designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

These types are supplied in the JEDEC TO-204AA steel package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Continuous Drain Current 

Tc = +250C. 

Tc = +100OC. 


Maximum Power Dissipation 


Above Tq = +250C, Derate Linearly (See Figure 11), 


(See Figures 1 and 2, L = 10OpH) 


(0.063” (1.6mm) from case for 10s) 



2N676d 

2N6770 

UNITS 

.... Vds 

450* 

500* 

V 

• •VdGR 

450* 

500* 

V 

.Id 

11 

12 

A 

.Id 

7 

7.75 

A 

.Idm 

20 

25 

A 

• • vqs 

±20* 

±20* 

V 

.pd 

150* 

150* 

W 


1 .2* 

1 .2* 

W/OC 

.Ilm 

20 

25 

A 

Tj,TstG 

-55 to+150* 

-55 to+150* 

OC 

.Tl 

300* 

300* 

OC 


*JE0EC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1899.1 
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Specifications 2N6769, 2N6770 


Electrical Characteristics @ Tq = 25^C (Unless Otherwise Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVq^SS Drain — Source Breakdown Voltage 

2N6769 

450 


- 

V 

Vqs = 0 

Iq= 4.0 mA 

2N6770 

500 

- 

- 

V 

VQsith) Gate Threshold Voltage 

ALL 

2.0* 

- 

4.0* 

V 

Vds “ '^GS' 'd “ ^ 

IqssF “ Body Leakage Forward 

ALL 

- 

- 

100* 

nA 

Vqs = 20V 

IqssR ~ Body Leakage Reverse 

ALL 


- 

100* 

nA 

Vqs = -20V 

Iqss ^®^® Voltage Drain Current 

ALL 

- 

0.1 

1.0* 

mA 

Vds " O B X Max. Rating, VQg = 0 

- 

0.2 

4.0* 

mA 

Vqs = Max. Rating, Vgg = 0, Tq = 25°C to 125°C 

VQS(on) Static Drain-Source On-State 

Voltage 

2N6769 

- 

- 

6.0* 

V 

< 

Q 

CO 

II 

o 

< 

o’ 

II 

> 

2N6770 

- 

- 

6.0* 

V 

Vqs = 10V, Iq = 12A 

RdsIoo) Static Drain-Source On-State 
Resistance ^ 

2N6769 

- . 

0.4 

0.5* 

a 

^GS = Ip = 7A 

2N6770 

- 

0.3 

0.4* 

a 

Vgs=10V,Id= 7.75A 

Rosion) Static Drain-Source On-State 
Resistance 

2N6769 

- 

- 

1 .1 * 

a 

Vqs = ‘•OV, Iq = 7.0A, Tq = 125*C 

2N6770 

- 

- 

0.88* 

a 

Vqs = 10V, Iq = 7.75A, Tq = 125*C 

g^^ Forward Transconductance 

ALL 

8.0* 

12.0 

24* 

S lU) 

Vgs = 10V l□ = 7.75A 

Cjjj Input Capacitance 

ALL 

1000* 

2000 

3000* 

pF 

Vqs = 0' Vqs = 25V, f = 1.0 MHz 

See Fig 10 

^oss Output Capacitance 

ALL 

200* 

400 

600* 

pF 

Crss Reverse Transfer Capacitance 

ALL 

50* 

100 

200* 

pF 


td (on) Turn-On Delay Time 

ALL 

- 

- 

35* 

n? 

Vqq S 210V, Iq = 7.75A,2o = 4.7a 
(See Figs. 13 and 14) 

(MOSFET switching times are essentially 

independent of operating temperature.) 

t,. Rise Time 

ALL 

- 

- 

50* 

ns 

td (off) Turn-Off Delay Time 

ALL 

- 

- 

150* 

ns 

tf Fall Time 

ALL 

- 

_I_ i 

70* 

ns 


Thermal Resistance 


Rthjc Junction-to-Case 

ALL 

- 

—;;;;- 

0.83* 

°C/W 


RthCS Case-to-Sink 

ALL 

- 

0.1 

- 

“C/W 

Mounting surface flat, smooth, and greased. 

RthJA Junction-to-Ambient 

ALL 

- 

- 

30 

°c/w 

Free Air Operation 


Body-Drain Diode Ratings and Characteristics 


•s 

Continuous Source Current 

2N6769 

- 

- 

11* 

A 

Modified MOSFET symbol _ ^ 

D 


(Body Diode) 

2N6770 

- 

- 

12* 


showing the integral 

reverse P-N junction rectifier. ( I ■♦i] 

1 


•SM 

Pulsed Source Current 

2N6769 

- 

- 

20 


y 


(Body Diode) 

2N6770 

- 

- 

25 



VSD 

Diode Forward Voltage Q 

2N6769 

0.75* 

- 

1.5* 

V 

Tq = 25OC, Is = 11 A, Vqs = 0 


2N6770 

0.80* 

- 

1.6* 

V 

Tc = 250C, ls= 12 A,Vqs = 0 

Vr 

Reverse Recovery Time 

ALL 

- 

1300 

- 

ns 

Tj = 150OC, Ip = Ism. dlp/dt = 100 A/ms 

<^RR 

Reverse Recovered Charge 

ALL 

- 

7.4 

- ' 

mC 

Tj = 150®C, Ip = I5M, dip/dt = 100 A//US 


•JEDEC registered values. Q Pulse Test: Pulse Width ^ 300 /isec. Duty Cycle < 2% 






< 

0 

CO 

O.SBVqss 



= 0.75BVdss _ 

1. 


_ 


1 

✓ 

-. 

\ M 

1 \_ 


Fig. 1 - Clamped inductive test circuit 


Fig. 2 - Clamped inductive waveforms. 





2N6769, 2N6770 



Vqs. ORAIN TO source voltage (VOLTS) 



0 1 2 3 4 5 6 7 8 

VgS. BATE-TO SOURCE voltage (VOLTS) 


Fig. 3 - Typical output characteristics for both types. Fig. 4 - Typical transfer characteristics for both types. 



0 1 2 3 4 5 

Vqs, ORAIN-TO-SOURCE voltage (VOLTS) 



0 1 2 3 4 5 

Vos. ORAIIV-TO-SOURCE voltage (VOLTS) 


Fig. 5 - Typical saturation characteristics for the 2N6769. 
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1_ 1 
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1_ 









□ 

t 



0 5 10 15 20 25 

Iq, ORAIN current (AIUPERES) 


Fig. 7 - Typical transconductance versus drain current 
for both types. 


Fig. 6. - Typical saturation characteristics for the 2N6770. 



Fig. 8 - Maximum safe operating area for both types. 
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2N6769, 2N6770 



•40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 



Fig. 9 - Typical normalized on-resistance versus temp¬ 
erature for both types. 


Fig. 10- Typical capacitance versus drain-to-source 
voltage for both types. 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“O 



Vso, SOURCE TO-DRAIN VOLTAGE (VOLTS) 


Fig. 11 - Power versus temperature derating curve 
for both types. 


Fig. 12 - Typical body-drain diode forward voltage 
for both types. 




Fig. 13 - Switching time test circuit. 


Fig. 14- Switching time waveforms 






2N6782 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

Package 

• 3.5A, 100V 

TO-205AF 

BOTTOM VIEW 

• fDSCon) = 

• SOA is Power-Dissipation Limited 

SOURCE ^TE 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 

\ yk. DRAIN 

W V (CASE) 

• Majority Carrier Device 


Description 


The 2N6782 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 

Terminal Diagram 

switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 

N-CHANNELfNHANCEMENT MODE 

requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

D 

O 

The 2N6782 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

6 

S 


Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (Note 1 ).Vps 

Drain-Gate Voltage (Rqs = SOkfl) (Note 1). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (Note 2). Idm 

Gate-Source Voltage . Vqs 

Continuous Source Current (Body Diode).Is 

Pulse Source Current (Body Diode) (Note 2). Ism 

Maximum Power Dissipation 

Tc = + 25 OC (See Figure 14). Pd 

Linear Derating Factor (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L=100)iH) 

Operating and Storage Junction Temperature Range."TjfTsTG 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 
NOTES: 

1. Tj = +25OC to +150^0 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1592.1 
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Parameter 

12031 

Typ. 

lESSSli 


Test Conditions 

bvdss 

Drain - Source Breakdown Voltage 

1(031 

- 

- 

V 

Vqs = OV, Iq = 0.25 mA 

VGS(th) 

Gate Threshold Voltage 

1031 

- 

Esm 

V 

Vds = Vqs. Iq = 0-5 nfiA 

•gss 

Gate - Source Leakage Forward 

- 

- 


WEM 

Vqs = 20V, Vds = OV 

■gss 

Gate - Source Leakage Reverse 

■ - 

- 


mm 

Vqs = -20V, Vds = ov 

loss 

Zero Gate Voltage Drain Current 

- 

■- 


msM 

Vds = 100 V, Vqs = ov 



- 

- 


WSM 

Vds = OOV, Vqs = ov, Tq = 125"C 

Vosfon) On-State Voltage (2) 

- 


on 


Vqs = 10V, Id = 3.5A 

Ros(on) Drain-Source On-State Resistance Q) 

- 

0.5 

■iina 

0 

Vqs = 10V, Id = 2.25A, Tq = 250C 



- 

- 


Q 

Vqs = 10V, Id = 2.25A, Tc = 125‘*C 

VSD 

Diode Forward Voltage (2) 


- 

MEM 

V 

Tc = 25»C. Is = 3.5A, V(|s = OV 

Ofs 


msm 

1.5 


fESM 


Ciss 


60* 

135 

200* 

PF 

Vqs = OV, Vds = 25V, f = 1.0 MHz 

Coss 

Output Capacitance 

40* 

80 

100* 

PF 

See Rg. 10 

Crss 

Reverse Transfer Capacitance 

10* 

20 

25* 

pF 


^(on) 

Turn-On Delay Time 

- 

- 

15* 

ns 

Vdd * 34V, Id = 2.25A, Zq = 500 

tr 

Rise Tirtw 

- 

- 

25* 

ns 

See Rg. 15 

tdioffl 

Turn-Off Delay Time 

- 

- 

25* 

ns 

(MOSFET switching times are essentially independent 

tf 

Fall Time 

- 

- 

20* 

ns 


SOA 

Safe Operating Area 

15 

- 

- 

W 

Vds = OOV, Id « 188 mA, See Rg. 16. 



15 

- 

- 

W 

Vds = ^ ^SV, Id = 3.6A, See Rg. 16. 


Thermal Resistance 


Rthjc Junction-to-Case 

- 

- 

8.33* 

''C/W 



Rg^j/^ Junction-to-Ambient 

- 

- 

175 

«c/w 

Free Air Operation 



Source-Drain Diode Switching Characteristics (Typical) 





































2thJC***/"lhJC' normalized effective transient 


2 N6782 
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RosCon). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 



Vqs, drain to source voltage (VOLTS) 

Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig, 11 - Typical Gate Charge Vs. Gate-to-Source Voltag 



0 5 to 15 20 


Iq. drain CURRENT (AMPERES) 



Fig. 12 - Typical On-Resistance Vs. Drain Current 


Fig. 13 — Maximum Drain Current Vs. Case Temperature 












2N6782 



NOTES; 

1. LH0063CASEGR0UNOE0. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH =>3 ^s, PERIOD* 1 ms. AMPLITUDE*10V. 



NOTES: 

WHEN MEASURING RISE TIME. VGS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VGS(off) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE' 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 



NOTES: 

1. SET Vqs to the VALUE SPECIFIED UNDER DETAILS USING A O.U PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE DF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE = 250C. 

2. SELECT Rs SUCH THAT Iq • Rs = 2 5 ± 1.0 Vdc. 



Fig. 16 — Safe Operating Area Test Circuit 
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© HARRIS 2N6784 


N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features 

Package 

• 2.25A, 200V 

TO-205AF 

BOTTOM VIEW 

• ''DS(on) = 1.50 

• SOA is Power-Dissipation Limited 

SOURCE __ 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 

• Majority Carrier Device 

\ DRAIN 

(CASE) 

Description 


The 2N6784 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 

Terminai Diagram 

switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 

N-CHANNEL ENHANCEMENT MODE 

requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

D 

O 

The 2N6784 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

6 

s 


Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




2N6784 

UNITS 

Drain-Source Voltage. 

.Vds 

200* 

V 

Drain-Gate Voltage (Rqs = SOkH). 

Continuous Drain Current 

.Vdgr 

200* 

V 

Tc = +250C. 

. *D 

2.25* 

A 

Tc = +1000C. 

. Id 

1.5* 

A 

Pulsed Drain Current (Note 2). 

.Idm 

9* 

A 

Gate-Source Voltage . 

.Vqs 

±20* 

V 

Continuous Source Current (Body Diode). 

.‘s 

2.25* 

A 

Pulse Source Current (Body Diode) (Note 2)... 

Maximum Power Dissipation 

.Ism 

9* 

A 

Tq = +250C (See Figure 14).. 

.pd 

15* 

W 

Above Tq = +250C, Derate Linearly (See Figure 14). 


0.12* 

W/OC 

Inductive Current, Clamped. 

(L=100pH) 

.Ilm 

9 

A 

Operating and Storage Junction Temperature Range. 

.Tj,TstG 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

.Tl 

300* 

oc 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg Nyrn|30|' 906 1 

Copyright © Harris Corporation 1991 
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Specifications 2N6784 


Electrical Characteristics @ Tq = 25°C (Unless Otherwise Specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

EQ^ 


ES91 

- 

- 

V 

Vqs = OV, Id = 0.25 mA 

VGS(th) 

Gate Threshold Voltage 

^£91 

- 

KSS 

V 

^DS = Vg5, Iq = 0.5 mA 

Iqss 

Gate - Source Leakage Forward 

- 

- 


OQIIIIIII 

Vqs = 20V. Vds = OV 

*GSS 

Gate - Source Leakage Reverse 

- 

- 

IBB 

BEII 

Vqs = - 20 V, Vds = ov 

•dss 

Zero Gate Voltage Drain Current 

- 

- 


IBSi 

Vds = 200 V, Vqs = ov 



- 

- 


R&B 

Vds = leov, Vqs = ov, Tq = izs^c 


- 

- 

EES9 


Vqs = 10V, Id = 2.25A 

RDS(on) 

Static Drain-Source On-State Resistance a 

- 

■El 

■ai 

mm 

Vqs = 10V, Id = 1.5A, T^ = 25“C 



- 

- 



Vqs = 10V, Id = 1.5A, Ta = 125®C 

VSD 

Diode Forward Voltage a 

BSil 

- 

mm 

V 

Tq = 25°C, is = 2.25A, Vqs = OV 

gfs 

Forward Transconductance a 

■iUI 

■El 

WStM 

jESM 

Vds = 5V, Id = i.5a 

Qss 

Input Capacitance 



fg29l 

■a 


Cqss 

Output Capacitance 

mum 

60 

■a 

PF 


Crss 

Reverse Transfer Capacitance 

eeii 

mm 


pF 


^dlon) 


- 

- 

mm 

^91 

Vdd = 75V, Id = 1.5A, Zq = 5011 

QHI 


IBH 

- 

ESS 

ns 

See Fig. 15 

td(off) 

idllllllllHil I—— 


- 

HB 


(MOSFET switching times are essentially independent 
of operating temperature.) 

tf 

Fall Time 

- 

- 

109 

ns 

SOA 

Safe Operating Area 

15 

- 


W 

Vds = 160V, Id = 94 mA, See Fig. 16. 



15 

- 


W 

Vds = 6-67V, Id = 2 . 25 A, see Fig. 16. 


Thermal Resistance 


RthJC Junction-to-Case 

- 

- 

8.33* 

“C/W 


RfhJA Junction-to-Ambient 

- 

- 

175 

“C/W 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


t^r Reverse Recovery Time 

290 

ns 

Tj = 150°C, Ip = 2.25A, dip/dt = 100A//iS 

Qrr Reverse Recovered Charge 

2.0 

mC 

Tj = 150®C, Ip = 2.25A, dIp/dt = lOOAZ/xs 

ton Forward Turn-on Time 

intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- | 


*JEDEC registered value a Pulse Test: Pulse width ^ SOO^s, Duty Cycle < 2%. 



VqS, DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 1 - Typical output characteristics. 



Vqs, GATE-TO-SOURCE voltage (VOLTS) 


Fig. 2 - Typical transfer characteristics. 





































TRAMSCONOUCTANCE (SIEMENS) Z,hje(t)/RthJC. NORMALIZED EFFECTIVE TRANSIENT In. DRAIN CURRENT (AMPERES) 

_ THERMAL IMPEDANCE (PER UNIT) Ti 



ig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 




0 1.0 2.0 3.0 4.0 5.0 


VsD. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance versus drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 

















































2N6784 




-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 


Fig. 8 - Breakdown voltage versus temperature. 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 



VqS. ORAIN TO-SOURCE voltage (VOLTS) 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 10- Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 



0 2 4 6 8 10 



Iq, drain CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“O 


Fig. 14 - Power versus temperature derating curve. 



1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH >3 fis, PERIOD-1 ms, AMPLITUDE-10V. 



NOTES: 

WHEN MEASURING RISE TIME. VQS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VGS(off) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES: 

1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1$ PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE-250C. 

2. SELECT Rs SUCH THAT Iq • Rs = 2.5 ±1.0 Vdc. 


Fig. 16- Safe operating test circuit. 
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2N6786 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 

• 1.25A, 400V 

• '■DS(on) = 3.6n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


T0-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The 2N6786 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6786 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage (Rqs = SOkfl). Vqgr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = + 100 OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage. Vqs 

Continuous Source Current.I 3 

Pulse Source Current. Ism 

Maximum Power Dissipation 

Tc = + 25 OC (See Figure 14). Pd 

Above Tq = + 25 OC, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L = 100mH) 

Operating and Storage Junction Temperature Range. Tj,TstG 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2207.1 


4-49 


N-CHANNEL 
POWER MOSFETs 




















Specifications 2N6786 


ELECTRICAL CHARACTERISTICS at Tc = 25° C (UnlaM Otherwise Specified) 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

dni 

033 

[2J5 

Drain-Source Breakdown Voltage 

BVoss 

Vgs = 0V, Id = 0.25 mA 


— 

— 

w 

Gate Threshold Voltage 

VQs(th) 

Vqs = Vds, Id = 0.5 mA 

QRa 

— 

4.0* 


Gate-Source Leakage Forward 

loss 

Vqs = 20 V, Vds = 0 V 

— 

— 

iOg 

nA 

Gate-Source Leakage Reverse 

loss 

Vgs = -20 V, Vds = 0 V 

— 

— 


Zero-Gate Voltage Drain Current 

loss 

Vds = 400 V, Vgs = 0 V 

— 

— 



Vds = 320 V, Vos = 0 V, Tc = 125°C 

— 



On-State Voltage® 

VDs(on) 

Vqs = 10 V, Id = 1.25 A 

— 

— 

gia 

zvn 

Static Drain-Source On-State Resistance® 

rDs(on) 

Vgs = 10 V, Id = 0.8 A, Ta = 25®C 

— 

ESI 

gia 

a 

Vos = 10 V, Id = 0.8 A, Ta = 125°C 

— 

— 

oca 

Diode Forward Voltage® 

VsD 


tana 

— 

Bl 

ni 

Forward Transconductance® 

Of 

Vds = 5 V, Id = 0.8 A 

lilM 

am 

QQI 

S(U) i 

Input Capacitance 

Ciss 

Vqs = 0V, VDS = 25V,f= 1 MHz 

isTlIl 

BESl 



Output Capacitance 

Cost 

See Fig. 10 

na 

ESI 



Reverse Transfer Capacitance 

Crss 



8 

lEl 


Turn-On Delay Time 

td(on) 

Vdd s 170 V, Id = 0.8 A, Zo = 50 0 

— 

— 

lai 


Rise Time 

tr 

See Fig. 15. (MOSFET switching 

— 

. 

20* 


Turn-Of Delay Time 

td(Off) 

times are essentially independent 

— 




Fall Time 

tf 

of operating temperature.) 

— 

— 

30* 


Safe Operating Area 

SOA 

Vds = 200 V. Id = 75 mA, See Fig. 16. 

wm 

El 

— 

w 


iia 

III 

— 


THERMAL RESISTANCE 


Junction-to-Case 

Rfiuc 


— 

— 

iiicgqi 

Junction-to-Ambient 

RflllA 

Free Air Operation 

— 

— 

Wm 


SOURCE-DRAIN DIODE SWITCHING CHARACTERISTICS (TYPICAL) 


Reverse Recovery Time 

trr 


380 

ns 

Reverse Recovered Charge 

Qrr 


2.7 

uc 

Forward Turn-On Time 

ton 

Intrinsic turn-on time is negligible. Turn-on speed is 
substantially controlled by Ls + Ld. 


*JEDEC registered value. 

•Pulse Test: Pulse width < SdO //s, duty cyele < 2%. 



92GS-44120 


Fig. 1 - Typical output characteristics. 



92GS-44121 


Fig. 2 - Typicai transfer characteristics. 
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gfs, transconductance (SIEMENS) | | Iq, DRAIN CURRENT (AMPERES) 




Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, 
iunction-to-case pulse duration. 





92GS-44126 


Fig. 6 - Typical transconductance vs. drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 
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2N6786 




Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



92GS-44129 

Fig. 10- Typical capacitance vs. drain-to-source voltage. 



Fig. 12 - Typical on-resistance vs. drain current. 



92GS-44130 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 



92GS-44132 


Fig. 13 - Maximum drain current vs. case temperature. 
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2N6786 



Fig. 14 - Power vs. temperature derating curve. 



NOTES: 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTrONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH = 3 /it, PERIOD = 1 ms, AMPLITUDE = 10 V. 

92GS-44134 



NOTES: 

WHEN MEASURING RISE TIME, VgS(ON) SHALL BE AS SPECIFIED ON 
THE INPUT WAVEFORM. WHEN MEASURING FALL TIME. Vgs(GFF) 
SHALL BE SPECIFIED ON THE INPUT WAVEFORM. THE INPUT TRANSITION 
AND DRAIN VOLTAGE RESPONSE DETECTOR SHALL HAVE RISE AND 
FALL RESPONSE TIMES SUCH THAT DOUBLING THESE RESPONSES 
WILL NOT AFFECT THE RESULTS GREATER THAN THE PRECISION OF 
MEASUREMENT. THE CURRENT SHALL BE SUFFICIENTLY SMALL SO 
THAT DOUBLING IT DOES NOT AFFECT TEST RESULTS GREATER THAN 
THE PRECISION OF MEASUREMENT. 

9205-44135 



Fig. 15 - Switching time test circuit. 



NOTES: 

1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1-t 
PULSE WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. 
INCREASE VgS UNTIL THE SPECIFIED VALUE OF Iq AND Vds ARE 
OBTAINED. CASE TEMPERATURE = 25” C. 

2. SELECT Rs SUCH THAT Iq ' RS = 2-5 ± 1 Vdc. 

9205-44136 


Fig. 16 - Safe operating test circuit. 
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© HARRIS 2N6766 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

Package 

• 6 .OA, 100V 

T0-205AF 

BOTTOM VIEW 

• '■DS(on) = 0.30n 


• SOA is Power-Dissipation Limited 

SOURCE_.3^^^ 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 



^ y (CASE) 

• Majority Carrier Device 


Description 


The 2N6788 is an n-channel enhancement-mode silicon-gate 

Terminal Diagram 

power field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay 

N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 


requiring high speed and low gate-drive power. This type can be 

D 

operated directly from integrated circuits. 


The 2N6788 is supplied in the JEDEC TO-205AF (Low Profile 

/ fl\ 

TO-39) metal package. 

G 0 ( 1 ) 

6 

s 


Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 




2N6788 

UNITS 

Drain-Source Voltage (Note 1).... 

.Vos 

100* 

V 

Drain-Gate Voltage (Rqs = 20kfl) (Note 1). 

Continuous Drain Current 

.VoGR 

100* 

V 

Tc = +25OC. 

.Id 

6.0* 

A 

Tc = +100OC. 

.‘d 

3.5* 

A 

Pulsed Drain Current (Note 2). 

.Idm 

24* 

A 

Gate-Source Voltage . 

.Vqs 

±20* 

V 

Continuous Source Current (Body Diode).. 

.'s 

6.0* 

A 

Pulse Source Current (Body Diode) (Note 2). 

Maximum Power Dissipation 

.Ism 

24* 

A 

Tc * +25OC (See Figure 14). 

.pd 

20* 

W 

Linear Derating Factor (See Figure 14). 


0.16* 

W/OC 

Inductive Current, Clamped.. 

(L = 100jiH) 

.Ilm 

24 

A 

Operating and Storage Junction Temperature Range. 

.Tj,TstG 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

.Tl 

300* 

OC 


*JEDEC registered values 
NOTES: 

1. Tj = + 25 OC to +150OC 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. PH^ Number 1 S93 1 

Copyright © Harris Corporation 1991 
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Specifications 2N6788 


Electrical Characteristics @ Tq = 25^C (Unless Otherwise Specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdsS 

Drain - Source Breakdown Voltage 

100 * 

- 

- 

V 

Vgs “ ^D ~ 0-2B mA 

VGS(th) 

Gate Threshold Voltage 

2 . 0 * 

- 

4.0* 

• V 

'^DS = '^GS' 'd = ’ 0 i^A 

•gss 

Gate - Source Leakage Forward 

- 

- 

100 * 

nA 

Vqs = 20 V, Vds = ov 

'gss 

Gate - Source Leakage Reverse 

- 

- 

100 * 

nA 

Vqs = - 20 V, Vds = ov 

loss 

Zero Gate Voltage Drain Current 

- 

- 

250* 

pA 

Vqs = 100 V, Vqs = ov 



- 

- 

1000 * 

pA 

Vqs = 80V, Vqs = ov, Tc = 125‘'C 

1 

1 

On-State Voltage @ 

- 

- 

2 . 10 * 

V 

Vqs = 10V, Ip =.6.0A 

RDS(on) Static Drain-Source On-State Resistance @ 

- 

0.25 

0.30* 

Q 

Vqs = 10V, Iq = 3.5A, Tc = 25°C 



- 

- 

0.54* 

a 

Vgs = 10 V, (d = 3.5A, Tc = 125»c 

VSD 

Diode Forward Voltage (2) 

0 . 8 * 

- 

1 . 8 * 

V 

Tc = 2SOC, Is = 6.0A, Vqs = OV 

Qfs 

Forward Transconductance (2) 

1.5* 

2.9 

4.5* 

S(0) 

Vqs = 5V, Iq = 3.5A 

Ciss 

Input Capacitance 

200* 

450 

600* 

pF 

Vqs = OV, Vqs = 25V, f = 1.0 MHz 

Cqss 

Output Capacitance 

100* 

200 

400* 

PF 

See Fig. 10 

Crss 

Reverse Transfer Capacitance 

20* 

50 

100* 

pF 


'd(on) 

Turn-On Delay Time 

- 

- 

40* 

ns 

Vqd a 35V, Iq = 3.5A, Zq = 500 

tr 

Rise Time 

- 

- 

70* 

ns 

See Fig. 15 

‘dioff) 

Turn-Off Delay Time 

- 

- 

40* 

ns 

(MOSFET switching times are essentially independent 

tf 

Fall Time 

- 

- 

70* 

ns 

of operating temperature.) 

SOA 

Safe Operating Area 

20 

- 

- 

w 

Vqs = 80V, Iq = 250 mA, See Fig. 16. 



20 

- 

- 

w 

Vqs = 3.3V, Iq = 60A, See Fig. 16. 


Thermal Resistance 


RthJC Junction-to-Case 

- 


6.25* 

c w 


RthJA Junction-to-Ambient 

- 


175 

c w 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


Vr 

Reverse Recovery Time 

230 

ns 

Tj = 150°C, Ip = 6.0A, dlp/dt = ICOA/^s 

Qrr 

Reverse Recovered Charge 

1.2 

pC 

Tj = 150''C, Ip = 6.0A, dip/dt = ICOA/^s 

Ion 

Forward Turn-on Time 

intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 5 + Lq. | 


0 Tj = 25°C to 150°C. (D Pulse Test: Pulse width < 300^5, Duty Cycle < 2%. (3) Repetitive Rating: Pulse width iimited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 

•JEDEC registered value 



Vqs, ORAINTO SOURCE voltage (VOLTS) 

Fig. 1 — Typical Output Characteristics 



0 2 4 6 8 10 12 

Vqs. GATE TO-SOURCE voltage (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



Vqs- drain TO SOURCE voltage (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



’ 1.0 2 5 10 20 50 100 200 500 

Vqs, ORAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 4 — Maximum Safe Operating Area 
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Z,hJC<‘»/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


2N6788 















C, CAPACITANCE (pF) 


il 















vds = 

1 

^ 20V..; 






— 



VOS" 

VdS’ 

' 50V J 

'sov^ 

/ 



y 


— 












7 







1— 


R 

f 




l0“ 

10A 

1 _ 








1 


r 





RoS(on) measured WITH CURRENT PULSE OF 
2.0 jus DURATION. INITIAL Tj = 250C. (HEATING 
EFFECT OF 2.0 PULSE IS MINIMAL.) 


Iq, drain CURRENT (AMPERES) 

Fig. 12 - Typical On-Resistance Vs. Drain Current 


Tc, CASE TEMPERATURE (“O 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE |OC) 

Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6788 



t. LHO063 CASEGROUNOEO. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH =3/as, PERIOD-1 ms, AMPLITUDE-IOV. 



WHEN MEASURING RISE TIME, Vcsion) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, UQSloff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI- 
CIENtLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 



NOTES: 

1. SET VqsTO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF t MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED CASE 
TEMPERATURE = 25°C. 

2. SELECT RsSUCH THAT Iq • Rs = 2 5 11.0 Vdc. 


Fig. 16 — Safe Operating Area Test Circuit 
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2N6790 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 

• 3.5A, 200V 

• rDS(on) = 0*8^^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The 2N6790 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6790 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage (Rqs = 20kn). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc*+100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Continuous Source Current (Body Diode).Is 

Pulse Source Current (Body Diode) (Note 2). ISm 

Maximum Power Dissipation 

To * +250C (See Figure 14).. Pd 

Above Tc =* +250C, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ii,m 

(L^IOOpH) 

Operating and Storage Junction Temperature Range.Tj, T3TG 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1900.1 
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Specifications 2N6790 


Electrical Characteristics @ Tq = 25 °C (Unless Otherwise Specified) 


Parameter 

1213111 

■SB 


EKi' 

Test Conditions 

BVpss 

Drain - Source Breakdovyn Voltage 

IIQ2SI 

- 

- 

lv _ 

Vqs = OV, Id == 0.25 mA 

VGS(th) 

Gate Threshold Voltage 


- 

KSSI 

■■ 

Vds “ Vqs, Id = 1.0 mA 

Hckkfli 


- 

- 

HESil 

mQui 

Vqs = 20V, Vds = ov 



- 

•- 

K3I 

BiSlIll 

Vqs = -20V, Vds = ov 

loss 

Z»ro Gate Voltage Drain Current 

- 

- 

ESI 

msm 

Vds = 200 V, Vqs = ov 



- . 

- 


BB31 

Vds = 160 V, Vqs « ov, Tq = 125®c 



-- 

- 

wsm 

V 

Vqs == 10V, Id = 3.5A 

Rosion) Drain-Source On-State Resistance^ 



EESB 

■■ 

Vqs = 10V, Id = 2.25A, Ta = 25®C 



- 

- 

lEB 

0 

Vqs = 10V, Id = 2.25A, T^ « 125®C 

VSD 

Diode Forward Voltage^ 

EOi 

- 

mm 

V 

Tc = 25®C, Is = 3.5A, Vqs = OV 

_ 

Forward Transconductancea 

wm 

tBSM 


iessm 

Vds = 5V, Id = 2 . 25 A 

MSBM 

Input Capacitance 


KS9 

ES3i 

■as 


Coas 

Output Capacitance 

wmm 

Hgm 


pF 


Crss 

Reverse Transfer Capacitance 

UUI 

mm 


pF 


■m 

Turn-On Delay Time 

- 

- 

gTiJi 

ns 

VdD “ 7^V, Id = 2.25A, Zq = 50Q 

KSHi 


- 

- 

mm 

ns 

See Fig. 15 

1 

Turn-Off Delay Time 

- 

- 


ns 

(MOSFET switching times are essentially Independent 
of operating temperature.) 

Hj9ii 


- 



ns 

SOA 

Safe Operating Area 

iHH 


- 

'HSH 

Vds = ISOV, Id = 125 mA, see Fig. 16. 




- 

- 


Vds = 5.7V, Id = 3.5A, see Rg. 16. 


Thermal Resistance 


RthJC 

Junction-to-Case 

- 

- 




RthJA 

Junction-to-Ambient 

- 

- 

msm 


Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 



HHHEHHHI 

HSH 

Tj 150®C, Ip = 3.5A, dip/dt = lOOA/ps 

Reverse Recovered Charge 

1 _2,3_ 1 

mC 

Tj = 150®C, Ip = 3.5A, dip/dt = IOOA/ms 

ton Forward Turn-on Time 

1 intiinsic turn-on time is negligible. TUrn-on speed is substantially controlled by Ls + Ld- | 


*JEDEC registered value 

a Pulse Test; Pulse width « 300//S, Duty Cycle 2%. 



Vqs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 



0 2 4 6 8 10 

Vqs, GATE TO-SOURCE voltage (VOLTS) 

Fig. 2 - Typical transfer characteristics. 
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2N6790 




In, DRAJN CURRENT (AMPERES) 


Fig, 6 - Typical transconductance versus drain current 



0 12 3 4 

Vso, SOURCE TO-DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 
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2N6790 



Fig. 8 - Breakdown voltage versus temperature. 



Tj. JUNCTION TEMPERATURE l»C) 

Fig. 9 - Typical normalized on-resistance versus 
temperature. 




0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 



» I > ■ ■_I_■ i 1 

0 5 10 15 20 


Iq, DRAIN CURRENT (AMPERES) 

Fig. 12- Typical on-resistance versus drain current. 



25 50 75 100 125 150 

Tc. CASE TEMPERATURE (“O 

Fig. 13- Maximum drain current versus case 
temperature. 
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0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (“C) 


Fig. 14 - Power versus temperature derating curve. 



NOTES: 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH =3 ^s, PERIOD* 1 ms, AMPLITUDE=10V. 



NOTES: 

WHEN MEASURING RISE TIME, VGS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VQSioff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES: 

1. SET Vqs TO THE VALUE SPECIFIED UNDER DETAILS USING A 0,1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE = 25°C. 

2. SELECT Rs SUCH THAT Iq • Rs = 2-5 i 1-0 Vdc. 


Fig. 16 - Safe operating area test circuit. 
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• '■DS(on) = 1-80 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Description 


The 2N6792 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
svv'tching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6792 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage.V0s 

Drain-Gate Voltage (Rqs = 20 kn). 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Continuous Source Current.Is 

Pulse Source Current. Ism 

Maximum Power Dissipation 

Tc = +25^0 (See Figure 14). Pd 

Above Tc = +250C, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L=100pH) 

Operating and Storage Junction Temperature Range. Tj.Tstg 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1901.1 
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Specifications 2N6792 


Electrical Characteristics @ Tc = 25**C (Unless Otherwise Specified) 


i BVqss Drain - Source Breakdown Voltage 


^GS(th) Threshold Voltage 


Iqss ' Source Leakage Forward 


I liSSSfll IBZSSII BSiiMliil I 


loss Voltage Drain Current 


L '^DSIon) On-State Voltage a 


RDS(on) Static Drain-Source On-State Resistance^ 




SOA Safe Operating Area 


Thermal Resistance 


Vgs = 'OV, Id = 2.(>A 


Vqs = 10V, Id = 1.26A, Ta = 25®C 


Tc = 25°C, Is = 2.0A, Vqs - OV 


VQS “ SV' Id “ 1-25A 


J VQS = OV, Vds = 25V, f = 1.0 MHz 
I See Rfl. 10 


ns Vdd ® 175V, Iq = 1.25A, Z© = 500 
ns See Rg. 15 

ns (MOSFET switching times are essentially independent 

TT— of operating temperature.) 


iBB-ifB'ii'.'BK'igjFfnaia 



RthJC Junction-to-Case 

- 


RthjA Junction-to-Amblent 

- 


1 Free Air Operation | 


Source-Drain Diode Switching Characteristics (Typical) 
































































2N6792 



0 4 8 12 16 20 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 3 - Typical saturation characteristics. 



1.0 2 5 10 20 50 100 200 500 

Vos. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, junction-to-case versus pulse duration. 



Fig. 6 - Typical transconductance versus drain current. 



0 12 3 4 

Vso. SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 
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2N6792 



Tj, JUNCTION TEMPERATURE (°C) Tj, JUNCTION TEMPERATURE (“O 


Fig. 8 - Breakdown voltage versus temperature. Fig. 9 - Typical normalized on-resistance versus. 

temperature. 



0 10 20 30 40 50 0 4 8 12 16 20 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) "^OTAL GATE CHARGE (nC) 


Fig. 10- Typical capacitance versus drain-to-source. 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source. 
voltage. 



Iq. drain CURRENT (AMPERES) 


Tc. CASE TEMPERATURE (OC) 


Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case. 

temperature. 
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2N6792 



0 20 40 60 80 100 120 140 

Tc. CASE TEMPERATURE {<>0 


Fig. 14- Power versus temperature derating curve. 



1. LH0063 CASE GROUNDED. 

2: GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 
3. PULSE WIDTH >3 fty PERIOD-1 ms, AMPLITUDE- 10V. 



NOTES; 

WHEN MEASURING RISE TIME, VQS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME. VQS(off) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES. 

1. SET Vqs to the value SPECIFIED UNDER DETAILS USING A O.UPULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE - 250C. 

2. SELECT Rs SUCH THAT Ip‘Rs-2.5 ± 1.0 Vdc. 


Fig. 16- Safe operating area test circuit. 
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2N6794 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 

• 1.5A, 500V 

• '■DS(on) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The 2N6794 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6794 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage (Rqs = SOkH). Vqqr 

Continuous Drain Current 

Tc = + 250 C. Id 

Tc = +100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Continuous Source Current.Is 

Pulse Source Current.I 3 M 

Maximum Power Dissipation 

Tc = + 25 OC (See Figure 14). Pd 

Above Tc * + 25 OC, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L=100pH) 

Operating and Storage Junction Temperature Range.Tj, Tstg 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1902.1 
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Specifications 2N6794 


Electrical Characteriatics @ Tc = 2S‘C (Unleaa Otherwiae Specified) 


Taat CondMona 


lEm 


Drain • Source Breakdown Voltage 


Gate Threahold Voltage 


Gate • Source Leakage Forward 


Gate • Source Leakage Reverae 


loss Voltage Drain Current 





VQS(on) On-State Voltage a 


Rpsion) S^^tic Drain^urce On-Stato Reaiatance 


Diode Forward Voftegea 


Forward Tranaconductancea 


Output Capacitance 


Reverae Transfer Capacitance 


Tum-On Deiay Time 




TurrhOff Delay Time 


SOA Safe Operating Area 


Thermal Resistance 


I ^^hJC Junction-to-Case 


^hJA Junction-to-Ambient 


VpS « 6V> ip - 1.00A_ 


Vqs * OV, Vos - 25V, f - 1.0 MH* 
See Fig. 10 


Vpp « 226V, Id = 1.0A, - 600 

See Fig. 15 

(MOSFET switching times are easentiaiiy indapendertt 
of operating temperature.) 





Free Air Operation 


Source-Drain Diode Switching Characteristics (Typicai) 


tfr Reverse Recovery Time 


I Qpp Reverse Recovered Charge 


I ton Forward Turn-on Time 


Tj = 150®C, Ip = 1.60A, dip/dt - lOSA/ps 



























































2N6794 



4 8 12 16 20 24 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 


I fliBHiBBiiiiivia.aiHBiiriPiHHhaBii.'frig 

—!||||[||lgl|Pllj|il|5|||i||| 

- 'iS'iiif SSSi r'" 

.jiiiil'SSaSiluy 

_UlCq 

—---"^5^“S5SS55!5I555*r5S 

l■■llllll■■■■llllll 

_mil 

l■■■■llllll■■■■llllll 


1.0 2 5 10 20 50 100 200 500 

Vos, DRAIN-TO SOURCE voltage (VOLTS) 



Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 




:irLrL 


- single pulse (TRANSIENTf- 

- THERMAL IMPEOANCE) t- 


'3. Tjm-Tc = PdM ZthJC<'> 


10-3 2 5 10-2 2 5 iq-I 

ti. SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 



lO, DRAIN CURRENT (AMPERES) 

Fig. 6 - Typical transconductance versus drain current. 
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Vgo, SOURCE-TO-ORAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 
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2N6794 



=i 

po 



-40 0 40 80 120 160 

Tj. JUNCTION TEMPERATURE (OC) 


Fig. 8 - Breakdown voltage versus temperature. 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 



0 10 20 30 40 50 

Vos. drain TO SOURCE VOLTAGE (VOLTS) 



0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 10- Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 


9 
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I 

o 
u 

I 7 

K 

1 6 
o 

UJ 

O S 

6 
z 

5 4 
oc 
a 

“c 

^ 3 
o 
oc 

2 

0 2 4 6 8 10 12 14 

Iq, ORAIN current (AMPERES) 

Fig. 12- Typical on-resistance versus drain current. 




Fig. 13- Maximum drain current versus case temperature. 
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2N6794 



0 20 40 60 80 100 120 140 

Tq. case temperature (OC) 


Fig. 14- Power versus temperature derating curve. 



NOTES; 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WI0TH=3(is,PERI0D=1 ms, AMPLITUDE=10V. 



NOTES; 

WHEN MEASURING RISE TIME, VGS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VQS(of() SHALL BE SPECIFIED DN 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES; 

1. SET Vqs TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Ip AND Vqs ARE OBTAINED. CASE 
TEMPERATURE = 250C. 

2. SELECT Rs SUCH THAT Ip • Rs = 2.5 1 1.0 Vdc. 


Fig. 16 - Safe operating test circuit. 
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2N6796 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

Package 

• 8 .OA, 100V 

TO-205AF 

BOTTOM VIEW 

• '■DS(on) = 0-180 

• SO A is Power-Dissipation Limited 

SOURCE ___ ^TE 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High input Impedance 

\ DRAIN 

^ y (CASE) 

• Majority Carrier Device 


Description 


The 2N6796 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 

Terminal Diagram 

switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 

N-CHANNEL ENHANCEMENT MODE 

requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

D 

0 

The 2N6796 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 

Q Q 

6 

s 


Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage (Note 1). Vqs 

Drain-Gate Voltage (Rqs - 20 kn) (Note 1 ).Vdqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100 OC. Id 

Pulsed Drain Current (Note 2). Idm 

Gate-Source Voltage .. Vqs 

Continuous Source Current (Body Diode).Is 

Pulse Source Current (Body Diode) (Note 2 ).Ism 

Maximum Power Dissipation 

Tc * +250C (See Figure 14). Pd 

Linear Derating Factor (See Figure 14)... 

Inductive Current, Clamped. IlM 

(L=100mH) 

Operating and Storage Junction Temperature Range.Tj, Tcjq 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 
NOTES: 

1. Tj = + 25 OC to +150OC 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Fig. 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporatfon 1991 


File Number 1594.1 
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Specifications 2N6796 


Electrical Characteristics @ Tq = 25”C (Unless Otherwise Specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

bvdss 

Drain • Source Breakdown Voltage 

100* 

- 

- 

V 

Vqs ~ *0 “ 

^GS(th) 

Gate Threshold Voltage 

2.0* 


4.0* 

V 

Vds = ^GS' Id = O'® ’’'A 


Gate - Source Leakage Forward 

- 

- 


nA 

Vqs = 20V, Vqs = OV 


Gate - Source Leakage Reverse 

- 

- 

msi 

lESH 

Vqs = -20V, Vos = OV 

loss 

Zero Gate Voltage Drain Current 

- 

- 


mm 

Vos = lOOV, Vqs = OV 



- 

- 

iTTia 


Vos = 80V, Vqs = OV, Tq = 125»C 


- 

- 



Vqs = 10V, lo = 8.0A 

RoSton) Static Drain-Source On-State Resistance ® 

- 


ESQi 

0 

Vgs = lov, Id = s.oa, tc = 25'»c 



- 

bb 


mi Ha 

Vgs = lov. Id = 5.oa, tc = i25»c 

Em 

Diode Forward Voltage Q) 


- 

Bn 

V 

Tc = 25‘'C, Is = 8.0A, Vgs * OV 

8fs 

Forward Transconductance 

rnsm 


ESOi 

BUS! 


Cis. 


350* 

600 

900* 

PF 

Vgs = OV, Vds = 25V, f = I.O MHz 

Coss 

Output Capacitance 

150* 

300 

500* 

pF 

See Fig. 10 

Crss 

Reverse Transfer Capacitance 

50* 

100 

150* 

pF 


*d(on) 

Turn-On Delay Time 

- 

- 

30* 

ns 

Vdd » 30V, Id = 5.0A, Zq = 500 

V 

Rise Time 

- 

- 

75* 

ns 

See Fig. 15 

*d(off) 

Turn-Off Delay Time 

- 

- 

40* 

ns 

(MOSFET switching times are essentially independent 

tf 

Fail Time 

- 

- 

45* 

ns 

of operating temperature.) 

SOA 

Safe Operating Area 

25 

- 

- 

W 

Vds ” OOV. Id = 310 mA, See Fig. 16. 



25 

- 

- 

W 

Vds = 0.12V, Id = 8.0A, see Fig. 16. 


Thermal Resistance 


RthJC Junction-to-Case 

- 

- 

5.0* 



RthJA Junction-to-Ambient 

- 

- 

175 

''C'W 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


trr 

Reverse Recovery Time 

300 

ns 

Tj = 150“C. Ip = 8.0A, dlp/dt = lOOA/ps 

Qrr 

Reverse Recovered Charge 

1.5 

fiC 

Tj = 150‘'C, Ip = 8.0A, dlp/dt = lOOA/^s 

ton 

Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- | 


(i) Tj = 25®C to 150®C. (D Pulse Test; Pulse width < 300/ts, Duty Cycle $ 2%. @ Repetitive Rating: Pulse width limited by 

max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 

•JEDEC registered value 



Vqs. DRAIN T0.S0URCE VOLTAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 



Vgs. GATE TO-SOURCE voltage (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 





Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 
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2N6796 



10*5 2 5 10-^ 2 

Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 


JO-3 2 5 JO-2 2 5 jq-I 

tj, SQUARE WAVE PULSE DURATION (SECONDS) 



Ijj, DRAIN CURRENT (AMPERES) 

Fig. 6 - Typical Transconductance Vs. Drain Current 




0 0,5 1.0 1,5 2,0 2,5 3.0 

Vso, SOURCE TO ORAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



-SO -40 -20 0 20 40 60 80 100 120 140 

Tj. JUNCTION TEMPERATURE (<>0 

Fig. 8 -- Breakdown Voltage Vs. Temperature 
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_ C|„ = Cg, + Cgd. Cd 
Cfii • Cjd 

CyC 

Co«*Cd.> CT 


10 20 


Vqs. OflAIN TO SOURCE VOLTAGE 

Fig. 10 — Typical Capacitance Vs. Drain- 


U ^DS(on) measured WITH CURRENT PULSE OF 
2.0 fs DURATION. INITIAL Tj. = 25°C (HEATING 
EFFECT OF 2.0 PULSE IS MINIMAL.) 













_! 

vds = 

1 i 

20V.. 






_ 


1 

Vds = 

I 1 
vds = 

50 V “ 

80V . 


2 

T 





— 


i 








r 

— 

A 








f 









R 





•[ 

= 18A 

L_J 




1 











0 10 20 30 40 

Iq, drain current (AMPERES) 

Fig. 12 — Typical On-Resistance Vs. Drain Current 


Tc, case TEMPERATURE (<>0 

Fig. 13 - Maximum Drain Current Vs. Case Temperature 


0 20 40 60 80 100 120 140 

Tc. CASE TEMPERATURE (<>0 

Fig. 14 — Power Vs. Temperature Derating Curve 
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2N6796 



NOTES; 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH -3 ns. PERIOD-1 ms. AMPLITUDE- 10V. 


U-PULSE WIDTH-H 



WHEN MEASURING RISE TIME, VGS(on) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VGS(off) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15 — Switching Time Test Circuit 



NOTES: 

1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1$ PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vgs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE-250C. 

2. SELECT Rs SUCH THAT Iq • Rs ' 2.5 ± 1.0 Vdc. 

Circuit 


Fig. 16 — Safe Operating Area Test 
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2N6798 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 

• 5.5A, 200V 

• roSCon) = 0-4^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The 2N6798 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The 2N6798 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 


Drain-Source Voltage. Vps 

Drain-Gate Voltage (Rqs = SOkfl). Vqqr 

Continuous Drain Current 

Tc = +250C. Ip 

Tc = +100OC. Ip 

Pulsed Drain Current.IpM 

Gate-Source Voltage . Vqs 

Continuous Source Current.I 3 

Pulse Source Current.ISM 

Maximum Power Dissipation 

Tp = + 25 OC (See Figure 14).Pp 

Above Tp = + 250 C, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L=100pH) 

Operating and Storage Junction Temperature Range.Tj, TsjG 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1903.1 
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Specifications 2N6798 


Electrical Characteristics @ Tp = 25”C (Unless Otherwise Specified) 


Paranfteter 


BZS 



Test Conditions 

l^iJ 

Drain - Source Breakdown Voltage 


- 

- 

V 

Vqs = OV, Id = 0.25 mA 

VG$(th) 

Gate Threshold Voltage 

ESB 

- 

Em 


VdS = Vqs* Id “ 0*5 

K<MJ1 

Gate - Source Leakage Forward 

- 

- 



Vqs = 20V, Vqs = OV 

less 

Gate - Source Leakage Reverse 

- 

- 

Msm 

^EZi^l 

Vqs = -20V, Vqs = OV 

loss 

Zero Gate Voltage Drain Current 

- 

- 


■sai 

Vds = 200V, Vqs = OV 



- 

- 


mm 

Vds = 160V, Vqs = OV, Tc = 125‘>C 

^DSIon) On-State Vbitage a 

- 

- 



Vqs = 10V, Id = 5.5A 

RDS(on) 

Static Drain-Source On-State Resistance ^ 

- 


Em 

KE 

Vqs = 10V, Id = 3.5A, T^ = 25®C 



- 

- 


HE 

Vqs = 10V, Id = 3.5A, T^ = 125«C 


EsaassmsismBmmmi 


- 

1.4* 


Tc = 25®C, Is = 5.5A, Vqs = OV 

_ 

Forward Tranaconductance^ 

mggi 

mm 

mm 

Km 


mBM 


ESil 



be 

Vqs = OV, Vds = 25V, f » 1.0 MHz 

Co» 




fjSSM 

BE 

See Rg. 10 

Em 

Reverse Transfer Capacitance 




■3E 


MSSSM 

Turn-On Deiay Time 

- 

- 

30* 

ns 

Vdd ^ 77V, Id = 3.5A, Zq = 500 




- 

[Igijlll 

ns 

See Rg. 15 

MSSSM 

Turn-Off Delay Time 

- 

- 

E3B 

ns 


tf 

Fall Time 

- 

- 

BSSi 

KQIQIK 

oT operating temperature.) | 

SOA 

Safe Operating Area 

25 

- 

- 

HSH 




25 

- 

- 

w 

Vds = ^-SV, Id = 5.5A, see Fig. 16. | 


Thermal Reaiatance 


RthJC 

Junction-to-Case 

- 

- 

IB9i 

B3S9 


Kir inf'll 


- 

- 

KUJi 

B3&1 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typicai) 


t„. Reverse Recovery Time 

450 

ns 

Tj = 150°C, Ip = 5.5A, dlp/dt = lOOA/^s 

Qsr Reverse Recovered Charge 

3.0 

pC 

Tj = IbO^C, Ip = 5.5A, dip/dt = 100A//iS 

ton Forward Tum-on Time 

Intrinsic tum-on time is negligible. Turn-on speed is substantiaiiy controlled by Ls + Ld* | 


*JEDEC reglatered value ^ Pulse Test: Pulse width < 300/iiS, Duty Cycie ^ 2%. 
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Vos, DRAIN-TO-SOURCE voltage (VOLTS) 



Vgs. GATE-TO-SOURCE voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 
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gfs, TRANSCONDUCTANCE (SIEMENS) ZthJC<‘>/«thJC- NORMALIZED EFFECTIVE TRANSIENT Iq. DRAIN CURRENT (AMPERES) 

THERMAL IMPEDANCE (PER UNIT) 


2N6798 




Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 



ti. SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 



Fig. 6 - Typical transconductance versus drain current. 



Vso, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 




























2N6798 




-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 


Fig. 8 - Breakdown voltage versus temperature. 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 



Vqs. ORAIN-TO-SOURCE voltage (VOLTS) 



0 8 16 24 32 40 


Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 



lo. drain CURRENT (AMPERES) 


Tc, CASE TEMPERATURE (“0 


Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6798 



0 20 40 60 80 100 120 140 

Tc.CASE TEMPERATURE (OCI 


Fig. 14 - Power versus temperature derating curve. 



NOTES: 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH-3/IS, PERIOD-1 ms, AMPLITUDE-10V. 



WHEN MEASURING RISE TIME, VQsion) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VQSIoff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING iT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES: 

1. SET Vos TO the value SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE - 250C. 

2. SELECT Rs SUCH THAT Ip • Rs = 2.5 ± 1.0 Vdc. 


Fig. 16- Safe operating test circuit. 
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2N6800 


August 1991 


N-Channel Enhancement-Mode 
Power MOS Field-Effect Transistor 


Features 

• 3A, 400V 

• »'DS{on) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The 2N6800 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from an integrated circuit. 

The 2N6800 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage.. Vqs 

Drain-Gate Voltage (Rqs = 20 kfl).. 

Continuous Drain Current 

Tc = +250C. Id 

Tc = + 100 OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage. Vqs 

Continuous Source Current. I 3 

Pulse Source Current.I 3 M 

Maximum Power Dissipation 

Tq = +2 50 c (See Figure 14). Pd 

Above Tq = + 250 C, Derate Linearly (See Figure 14). 

Inductive Current, Clamped. Ilm 

(L^IOOjiH) 

Operating and Storage Junction Temperature Range.Tj, T 37 G 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


-55 to+150* 
300* 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1904.1 
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Specifications 2N6800 


Electrical Characteristics @ Tp = 25°C (Unless Otherwise Specified) 


Parameter 

Min. 

■B9 

H^Q^QIIII 

ISS9 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 


- 

- 

■SB 

Vgs ” *D “ ^A 

VGS(th) 

Gate Threshold Voltage 

MW 

- 

KEB 

■■ 

Vds = Vqs. Id = 0-5 fi^A 


Gate - Source Leakage Forward 

- 

- 

BESB 

mOiiin 

Vqs = 20V, Vds = ov 

ILcUM 

Gate - Source Leakage Reverse 

- 

- 

BESB 

lEBIIIi 

Vqs = -20V, Vqs = OV 

'dss 

Zero Gate Voltage Drain Current 

- 

- 


pA 

Vds = Vqs = ov 



- 

- 

WtTiriM 

pA 

Vds = 320V, Vqs = ov, Tc = 125‘»c 


- 

- 

SQU 

V 

Vqs = 10V, Id = 3.0A 

f^DS(on) 

Static Drain-Source On^-State Resistance ^ 

- 

KB 

■SB 

0 

Vqs = 10V, Id = 2.0A, T^ = 25°C 



- 

- 

EEBi 

■B 

Vqs = 10V, Id = 2.0A, T^ = 125°C 

VSD 

Diode Forward Voltage^ 


- 

mm 

V 

Tc = 25“C, Is = 3.0A, Vqs = OV 

Sfs 

Forward Transconductance a 




eeh 

Vds = 5V, Id - 2.oa 

^iss 

Input Capacitance 


KSB 


HB 

Vqs = ov, Vds = 25v, f = i.o mhz 

Cqss 

Output Capacitance 



BildI 

pF 

See Fig. 10 

^rss 

Reverse Transfer Capacitance 


40 

Kn 

PF 


^d(on) 

Turn-On Delay Time 

- 

- 

30* 

ns 

Vdd ^ 176V, Id = 2.0A, Zq = 50Q 

t^ Rise Time 

- 

- 


ns 

See Fig. 15 

miiS 

Turn-Off Delay Time 

■- 

- 


ns 

(MOSFET switching times are essentially independent 

tf 

Fall Time 

- 

- 

35* 

ns 

of operating temperature.) 

SOA 

Safe Operating Area 

25 

- 

- 

W 

Vds = 200V, Id = 125 mA, See Fig. 16. 



25 

- 

- 

W 

Vds = 8.3V, Id = 3.0A, see Fig. 16. 


Thermal Resistance 



RthJC 

Junction-to-Case 

- 

- 

5.0* 

°C/W 


BthJA 

J unction-to-Am bient 

- 

- 

175 

°c/w 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


t^r Reverse Recovery Time 

600 

ns 

Tj = 150°C, Ip = 3.0A, dip/dt = 100A//iS 

Qpp Reverse Recovered Charge 

4.0 

uC 

Tj = 150°C, Ip = 3.0A, dIp/dt = lOOA/^s 

ton Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- \ 


*JEDEC registered value 


3 Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. 



Vqs.DRAIN TO SOURCE voltage (VOLTS) 



0 1 2 3 4 5 6 7 


Vqs. gate to source voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 
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2N6800 


IIIIIIIIRI 


_ 

|naiiiiiii;mi:~::::: 


IIMBlfcg inf BB 

imaiBliiinii 

li:w»l- 

icimi 


saifiBs 


-^BIIIIIIB 

IBIHIilB 




WITL 


-SINGLE PULSE (TRANSIENTf 
-THERMAL IMPEDANCE) f 


- 1 DUTY FACTOR, D = 

»2 

. 2. PER UNIT BASE = R,hjc = 5,0 DEG C/W. 
■ 3 Tjm -Tc=^P 0M ZthJC<*l 


t), SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 


''0S>'D(on)X RDS(on) 













Tj 



Tj 

= 1250C 











■ 




Iq, DRAIN CURRENT (AMPERES) 

Fig. 6 - Typical transconductance versus drain current. 




_ 



— 













-Tj= 150 °C-^ 




-j-i 



_ 

LLll 



VsG. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 
































2N6800 




-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 


Fig. 8 - Breakdown voltage versus temperature. 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 




0 8 16 24 32 40 

Qg, total gate charge (nC) 



Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to-source 
voltage. 



0 5 10 15 20 25 30 



Iq, drain current (AMPERES) 


Iq, DRAIN CURRENT (AMPERES) 


Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6800 



0 20 40 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 


Fig. 14- Power versus temperature derating curve. 



NOTES; 

1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH«3 MS. PERIOD-1 m$, AMPLITUDE-10V. 



NOTES: 

WHEN MEASURING RISE TIME, VQsion) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, Vcsjoff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES; 

1. SET Vos TO THE VALUE SPECIFIED UNDER DETAILS USING A 0.1s PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vqs ARE OBTAINED. CASE 
TEMPERATURE * 250C. 

2. SELECT Rs SUCH THAT Iq • Rs = 2.5 ± 1.0 Vdc. 


Fig. 16- Safe operating test circuit. 
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© HARRIS 2N6802 

N-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistor 


Features 

• 3.5A, 500V 

• I'DSton) = l-Sn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 

TO-205AF 
BOTTOM VIEW 



Description 


The 2N6802 is an n-channel enhancement-mode silicon-gate 
power MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from an integrated circuit. 

The 2N6802 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings [Jq = + 250 C) Unless Otherwise Specified 




2N6802 

UNITS 

Drain-Source Voltage. 

.Vqs 

500* 

V 

Drain-Gate Voltage {Rqs = 20 kil). 

Continuous Drain Current 

.Vdgr 

500* 

V 

Tc = +250C.. 

. Id 

3.5* 

A 

Tc = +100OC. 

. Id 

1.5* 

A 

Pulsed Drain Current.. 

.Idm 

11 * 

A 

Gate-Source Voltage . 

.Vgs 

±20* 

V 

Continuous Source Current. 

.Is 

2.5* 

A 

Pulse Source Current. 

Maximum Power Dissipation 

.Ism 

11 * 

A 

Tc = +250C (See Figure 14) . 

.Pd 

25* 

W 

Above Tc = +250C, Derate Linearly (See Figure 14). 


0 .20* 

W/OC 

Inductive Current, Clamped. 

(L=100pH) 

.ilm 

11 

A 

Operating and Storage Junction Temperature Range. 

.Tj.TstG 

-55 to +150* 

OC 

Maximum Lead Temperature for Soldering. 

(0.063” (1.6mm) from case for 10s) 

.Tl 

300* 

OC 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg Number 1 905 1 

Copyright © Harris Corporation 1991 
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Specifications 2N6802 


Electrical Characteristics @ Tq = 25°C (Unless Otherwise Specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 


- 

- 

V 

Vqs = OV, lo = 0.25 mA 

VQSIth) 

Gate Threshold Voltage 

mxim 

- 

BEB 

V 

Vds - VqS' Id = 0-5 mA 



- 

- 

Hjjjyi 

nA 

Vqs = 20V, Vqs = OV 

1^91 


- 

- 

HSSi 

BQIi 

Vqs = -20V, Vds = ov 

•dss 


- 

- 

ESI 

— 

Vds " 500V, Vqs = ov 



- 

- 

UjJjJjIII 

KOI 

Vds = 400V, Vqs = ov, Tq = 125°C 


- 

- 

EESl 

V 

Vqs = 10V, Id = 2.5A 

RDS(on) 

Static Drain-Source On-State Resistance a 

~ 

wem 

mm 

Q 

Vqs = 10V. Id = 1-5A, T^ = 25‘>C 



_ 


Ugl 

■■ 






■SB 

■■ 


flfs 

Forward Transconductance 3 

■IM 

\mm 

mm 


Vds = 5v, Id = i.5a 

EiM 



600 


PF 

Vqs = ov, Vds = 25V, f = 1.0 MHz 


Output Capacitance 

25* 

100 

200* 

pF 

See Fig. 10 


Reverse Transfer Capacitance 

15* 

30 

60* 

PF 


'd(on) 

Turn-On Delay Time 

- 

- 

30* 

ns 

Vdd = 225V, Id = 1.5A, Zq = 500 

*r 

Rise Time 

- 

- 

30* 

ns 

See Fig. 15 

tdloffi 

Turn-Off Delay Time 

~ 

- 

55* 

ns 

(MOSFET switching times are essentially independent 

tf 

Fall Time 

- 

- 

30* 

ns 

of operating temperature.) 

SOA 

Safe Operating Area 

25 

- 

- 

W 

Vds = 200V, Id = 125 mA, See Fig. 16. 



25 

- 

- 

W 

Vds = 10V, Id = 2.5A, See Fig. 16. 


Thermal Resistance 


RthJC 

Junction-to-Case 

- 

- 

5.0* 

“C/W 


BthJA 

JunctiOn-to-Ambient 

- 

- 

175 

°C/\N 

Free Air Operation 


Source-Drain Diode Switching Characteristics (Typical) 


*rr 

Reverse Recovery Time 

800 

ns 

Tj = 150°C, Ip = 2.5A, dlp/dt = IDOA/^s 

^^RR 

Reverse Recovered Charge 

4.6 

pC 

Tj = 150°C, Ip = 2.5A, dip/dt = mAlps 

fon 

Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg 4 - Ld- | 


*JEDEC registered value ^ Pulse Test; Pulse width $ SOOps, Duty Cycle ^ 2%. 



d 




0 1 2 3 4 5 6 7 


Vgs- GATE-TO-SOURCE voltage (VOLTS) 


f ig. 1 “ Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 





























ZthJC<*>/RthJC -normalized EFFECTIVE TRANSIENT 

Qfs. TRANSCONDUCTANCE (SIEMENS) THERMAL IMPEDANCE (PER UNIT) 'O- ORAIN CURRENT (AMPERES) 


2N6802 



Vos, DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case versus pulse duration. 




Fig. 6 - Typical transconductance versus drain current. Fig. 7 - Typical source-drain diode forward voltage. 
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2N6802 



-40 0 40 80 120 160 

Tj, JUNCTION temperature (OC) 



Tj. JUNCTION TeMPERATURE (°d) 


Fig. 8 - Breakdown voltage versus temperature. 


Fig. 9 - Typical normalized on-resistance versus 
temperature. 



VoS- DRAIN TO SOURCE VOLTAGE (VOLTS) 




0 8 16 24 32 40 

Qg, TOTAL gate CHARGE (nC) 


Fig. 10 - Typical capacitance versus drain-to-source 
voltage. 


Fig. 11 - Typical gate charge versus gate-to^sburce 
voltage. 



0 5 10 15 20 25 

Iq, DRAIN CURRENT (AMPERES) 



26 50 75 rOO 125 tSO 

Tc, CASE temperature (OC) 


Fig. 12 - Typical on-resistance versus drain current. Fig. 13 - Maximum drain current versus case temperature. 
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2N6802 



0 20 40 60 80 100 120 140 

Tq, case tempe r ATg re <00 


Fig. 14 - Power versus temperature derating curve. 


4 



1. LH0063 CASE GROUNDED. 

2. GROUNDED CONNECTIONS COMMON TO GROUND PLANE ON BOARD. 

3. PULSE WIDTH =3 MS, PER1DD!»1 ms, AMPLITUDE=10V. 



NOTES: 

WHEN MEASURING RISE TIME, VQsion) SHALL BE AS SPECIFIED ON THE INPUT 
WAVEFORM. WHEN MEASURING FALL TIME, VQSIoff) SHALL BE SPECIFIED ON 
THE INPUT WAVEFORM. THE INPUT TRANSITION AND DRAIN VOLTAGE RE¬ 
SPONSE DETECTOR SHALL HAVE RISE AND FALL RESPONSE TIMES SUCH THAT 
DOUBLING THESE RESPONSES WILL NOT AFFECT THE RESULTS GREATER 
THAN THE PRECISION OF MEASUREMENT. THE CURRENT SHALL BE SUFFI¬ 
CIENTLY SMALL SO THAT DOUBLING IT DOES NOT AFFECT TESTS RESULTS 
GREATER THAN THE PRECISION OF MEASUREMENT. 


Fig. 15- Switching time test circuit. 



NOTES: 

1. SET VdjTO the VALUE SPECIFIED UNDER DETAILS USING A D.ls PULSE 
WIDTH WITH A MINIMUM OF 1 MINUTE BETWEEN PULSES. INCREASE Vqs 
UNTIL THE SPECIFIED VALUE OF Iq AND Vpg ARE OBTAINED, CASE 
TEMPERATURE-2500. 

2. SELECT RsSUCH THAT Ip ^Rs^ 2.5* 1.0 Vdc. 


Fig. 16- Safe operating test circuit. 
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® HARRIS BUZ 1 1 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 30A, 50V 

Package 

TO-220AB 


TOP VIEW 


• '■DS(on) = 0.040 

• SOA is Power-Dissipation Limited 

DRAIN 


• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

fRAMfiF\ ^ . ^ 

^ riDAIKI 

>GATE 

• High Input Impedance 



• Majority Carrier Device 



Description 



The BUZ11 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

The BUZ11 is supplied in the JED EC TO-220AB plastic package. 

' 

6 

s 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




BUZ11 

UNITS 

Drain-Source Voltage. 

.. Vds 

50 

V 

Drain-Gate Voltage (Rqs ~ 20kn) . 

Continuous Drain Current 

..Vdgr 

50 

V 

Tc = +30OC.. 

Pulsed Drain Current 

.. *D 

30 

A 

Tc = +250C... 

.Idm 

120 

A 

Gate-Source Voltage .. 

Maximum Power Dissipation 

. Vgs 

±20 

V 

Tc = +250C. 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040.. 

lEC Climatic Category - DIN lEC 68-1. 

.Tj,TstG 

-55 to+150 

E 

55/150/56 

OC 


CAUTION; These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2253 
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Specifications BUZ 11 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

50 

- 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

Vds = Vgs 

Id = 1 mA 

2.1 

3 

4 

Zero-Gate Voltage Drain Current 

loss 

Tj = 25‘’C 

_ 

20 

250 




Tj = 125°C 

— 

100 

1000 

aA 



Vds = 50 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 15 A 

- 

0.03 

0.04 

Q 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 15 A 

4.0 

8.0 

- 

S 

Input Capacitance 

Ciss 

Vgs = 0 V 

- 

1500 

2000 


Output Capacitance 

Coss 

Vds = 25 V 

- 

750 

1100 

PF 

Reverse Transfer Capacitance 

C,3S 

f ^ 1 MHz 

- 

250 

400 


Turn-On Time ton 

tdton) 

Vcc = 30 V 

_ ! 

30 

45 


(ton ~ td(on) “F tr) 

tr 

Id = 3 A 


70 

110 

ns 

Turn-Off Time toff 

tdtoff) 

Vgs = 10 V 

Rgs = 50 0 

- 

180 

230 

(toff — td(off) + tr) 

tr 

■ 

130 

170 


Thermal Resistance, Junction-to-Case 

R^jc 


<1.67 

°CA/V 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

LO 

CM 

II 

o 

1- 

- 

- 

30 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

120 


Diode Forward Voltage 

VsD 

If — 2 X Idr 

Vgs = 0 V, Tj = 25 ‘’C 

- 

1.7 

2.6 

V 

Reverse Recovery Time 

trr 

Tj = 25° C, If = Idr 

- 

200 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/ps, Vr = 30 V 

- 

0.25 

- 

aC 



10° 5 10^ 5_._ 10^ 

DRAIN-TO-SOURCE VOLTAGE (Vos) — V 


Fig. 1 - Maximum safe operating areas for all types. 
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N-CHANNEL 
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DRAIN CURRENT (lo) — A DRAIN-TO-SOURCE ON RESISTANCE 


BUZ11 



(THERMAL RESPONSE) 

J 1 1.Ill III_1. .l iililll_LI 

5 10'^ 5 10'3 


0'^ 5 10'3 5 10'2 5 10'i 5 10° 

RECTANGULAR PULSE DURATION (ti) - S 


) 10 20 30 40 

TOTAL GATE CHARGE (Qg) — nC 

Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


Fig. 12 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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® HARRIS BUZ20 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 12A, 100Y 

• ''DS(on) = 0-20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


Description 


The BUZ20 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ20 is supplied in the JED EC TO-220AB plastic package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 

BUZ20 

UNITS 

Drain-Source Voltage... 

.Vqs 

100 

V 

Drain-Gate Voltage (Rqs “ 20kG). 

Continuous Drain Current 

.••VdGR 

100 

V 

Tc^+30OC.. 

Pulsed Drain Current 

.. Id 

12 

A 

Tc = +250C... 


48 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = +250C. 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040 .. 

lEC Climatic Category - DIN lEC 68-1.. 

. fj.TSTG 

-55 to+150 

E 

55/150/56 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C, handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ20 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25*^0 Unless Otherwise Specified 


CHARACTERISTIC 

-- — 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

100 

- 


V 

Gate-Threshold Voltage 

VGS(th) 

Vds — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

O 

m 

CM 

II 

— 

20 

250 




Tj= 125®C 

— 

100 

1000 

M 



Vds = 100 V, Vgs = 0 V 





Gate-Source Leakage Current 

Igss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 6 A 

- 

0.15 

0.2 

0 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id — 6 A 

2.7 

4.0 

- 

S 

Input Capacitance 

Ci33 

> 

o 

II 

1 

- 

1500 

2000 


Output Capacitance 

Coss 

Vds = 25 V 

- 

300 

500 

pF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

80 j 

140 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

30 

45 


(ton ~ td(on) tr) 

tr 

Id = 2.9 A 

- 

50 

75 

ns 

Turn-Off Time W 

td(off) 

Vgs = 10 V 

Rgs = 50 0 

- 

110 

140 

(toff = td(off) + tr) 

tr 

- 

60 

80 


Thermal Resistance, Junction-to-Case 

R^jc 


<1.67 

•^c/w 

Thermal Resistance, Junction-to-Ambient 

RfiJA 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc-25«C 

- 

- 

12 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

48 


Diode Forward Voltage 

Vsd 

If = 2 X Idr 

Vgs = 0 V. Tj = 25 °C 

- 

1.4 

1.8 

V 

Reverse Recovery Time 

trr 

Tj = 25‘»C, If=Idr 

- 

200 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A//JS, Vr = 30 V i 

- 

1.6 

- 

pC 



Fig. 1 - Maximum safe operating areas for all types. 


N-CHANNEL 
POWER MOSFETs 






BUZ20 



0 50 100 150 


CASE TEMPERATURE (Tc) —°C 


Fig. 2 - Power vs. temperature derating curve for all types. 



-50 0 50 100 150 

JUNCTION TEMPERATURE(Tj) - “C 

92GS-44174 


Fig. 4 - Normalized draimto-source on resistance to junction 
temperature for all types. 



DRAIN-TO-SOURCE VOLTAGE (Vds) - V 



JUNCTION TEMPERATURE (Tj) - “C 

92GS-44171 


Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 



GATE-TO-SOURCE VOLTAGE (Vqs) — V 


Fig. 5 - Typical transfer characteristics for all types. 



4.100 


Fig. 6 - Typical output characteristics. 


Fig. 7 - Typical transconductance vs. drain current. 
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N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 

Features 

• 19A,100V 

• ^DSCon) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

I The BUZ21 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ21 is supplied in the JED EC TO-220AB plastic package. 


Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




BUZ21 

UNITS 

Drain-Source Voltage. 

.Vds 

100 

V 

Drain-Gate Voltage (Rqs = 20kD). 

Continuous Drain Current 

.VpGR 

100 

V 

Tc = +550C ... 

Pulsed Drain Current 

. >D 

19 

A 

Tc*+250C.. 

.Idm 

75 

A 

Single Pulse Avalanche Energy*, EAS. 


230 

mj 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = +250C.... 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040. 

lEC Climatic Category - DIN lEC 68-1. 

.Tj,TstG 

-55 to+150 

E 

55/150/56 

oc 


*Vqq = 25V, starting Tj = 260C, L = 440^Hy, Rgg = 500, Ipeak = 28A, see Figures 14 and 15. 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



>GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. (sJumpQf 2420 

Copyright © Harris Corporation 1991 
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Specifications BUZ21 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25^C unless otherwise specified 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

VGS^OV 

ID = 0.25 mA 

100 

- 

- 


Gate-Threshold Voltage 

VGS(th) 

VDS = VGS 

ID = 1 mA 

2.1 

3 

4 

V 



Tj = 250C 

- 

20 

250 


Zero-Gate Voltage Drain Current 

IDSS 

Ti = 1250C 

VDS=100V,VGS = 0V 


100 

1000 

pA 

Gate-Source Leakage Current 

IGSS 

VGS = 20V 

VDS = 0V 

- 

10 

100 

nA 

Drain-Source on Resistance 

rDS(on) 

VGS=10V 

ID = 9A 

- 

0.09 

0.1 


Forward Transconductance 

gfs 

VDS = 25V 

ID = 9A 

m 

8 

" 

S 

Input Capacitance 

Ciss 

VGS=0V 

- 




Output Capacitance 

Coss 

VDS = 25V 

- 

450 

700 

PF 

Reverse T ransfer Capacitance 

Crss 

f = 1 MHZ 

- 

150 

240 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

30 

45 


(ton = td{on) + tr) 

tr 

< 

CO 

II 

Q 

- 

50 

75 

ns 

Turn-Off Time toff 

td(off) 

VGS=:10V 

- 

170 

220 

(toff = td(off) = tr) 

tr 

RGS = 50n 

- 

80 

110 


Thermal Resistance, Junction-to-Case 

ROJC 


<1.67 

OC/W 







Thermal Resistance, Junction-to-Ambient 

R0JA 



<75 





*VDD = 25 V, starting Tj = 250C, L = 440 juMy, Rgs = 50 Cl, Ipeak = 28 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Continuous Reverse Drain Current 

IDR 

Tc = 250C 

- 


19 

A 

Pulsed Reverse Drain Current 

IDRM 


- 

IBII 

75 


Diode Forward Voltage 

VSD 

IF=2xlDR 

VGS = 0V,Ti = 25OC 

- 

1.5 

2.1 

V 

Reverse Recovery Time 

trr 

Tj ^ 250C, IF = IDR 

- 

200 

- 

ns 

Reverse Recovered Charge 

QRR 

dIF/dt = 100 A/ps, VR = 30 V 

- 

0.25 

- 

mC 
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BUZ21 



DRAIN-TO-SOURCE VOLTAGE (Vqs) “ V 


Figure 1 - Maximum safe operating areas for all types. 



Figure 2 - Power vs temperature derating curve for all types. Figure 3 - Normalized gate threshold voltage as a function 

of junction temperature for all types. 



JUNCTION TEMPERATURE (Tj)—“C 

Figure 4 - Normalized drain-to-source on resistance 
to Junction temperature for all types. 



GATE-TO-SOURCE VOLTAGE (Vqs) — V 


Figure 5 - Typical transfer characteristics for alt types. 
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DRAIN-TO-SOURCE ON RESISTANCE (rDS(ON)) 


BUZ21 



DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 
Figure 6 - Typical output characteristics. 



Figure 7 - Typical transconductance vs drain current. 



DRAIN CURRENT (Iq) - A 


Figure 8 - Typical on-resistance i/s drain current. 



Figure 9 - Typical capacitance vs drain-to-source voltage. 




Figure 10 - Maximum drain current vs case temperature. 


Figure 11 - Typical source-drain diode forward voltage. 
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N-CHANNEL 
POWER MOSFETs 





















Figure 12- Maximum effective transient thermal impedance, Figure 13- Typical gate charge vs gate-to-source voltage, 

junction-to-case vs pulse duration 



Figure 14 - Undamped energy test circuit. 


Figure 15 - Undamped energy test waveforms. 

























(¥1 HARIRIS 


BUZ32 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 9.5A, 200V 

• rDS(on) = 0-40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The BUZ32 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ32 is supplied in the JED EC TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage (Rqs = SOkO). Vqqr 

Continuous Drain Current 

Tc = +550C. Id 

Pulsed Drain Current 

TC-+250C.Idm 

Single Pulse Avalanche Energy*, EAS. 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Operating and Storage Junction Temperature Range.Tj, Tstg 

DIN Humidity Category - DIN 40040. 

lEC Climatic Category - DIN lEC 68-1. 


75 

-55 to+150 
E 

55/150/56 


! 20V, starting Tj = 250C, L = 3.3ifiHy, Rgg = 50n, Ipeak “ 9^- Figures 14 and 15. 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 


4-107 


N-CHANNEL 
POWER MOSFETs 




















Specifications BUZ32 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) ^ 25^C unless otherwise specified. 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

VGS-OV 

ID «= 0.25 mA 

200 

■I 

■1 


Gate-Threshold Voltage 

VGS(th) 

VDS^^VGS 

ID ?= 1 mA 

2.1 

3 

4 

V 

Zero-Gate Voltage Drain Current 

IDSS 

Tj«250C 

Tj = 1250C 

VDS«200V,VGS:^0V 


20 

100 

250 

1000 

IxA 

Gate-Source Leakage Current 

IGSS 

VGS«20V 

VDS = 0V 

■ 

10 

100 

nA 

Drain-Source on Resistance 

rDS(on) 

VGS = 10V 

ID = 4.5 A 

- 

0.35 

0.4 

a 

Forward Transconductance 

gfs 

VDS = 25V 

ID = 4.5 A 

2.2 

5.0 

- 

s 

Input Capacitance 

Ciss 

VGS=0V 

inimii 

1500 

2000 


Output Capacitance 

Coss 

VDS = 25V 


250 

400 

pF 

Reverse T ransfer Capacitance 

Crss 

f=1MHZ 

- 

70 

120 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

30 

45 


(ton == td{on) + tr) 

tr 

ID = 2.9 A 

- 

40 

60 

ns 

Turn-Off Time toff 

td(off) 

VGS = 10V 

- 

110 

140 

{toff = td{off) = tr) 

tr 

RGS = 50 a 

- 

60 

80 


Thermal Resistance, Junction-to-Case 

R0JC 


<1.67 

OG/W 

Thermal Resistance, Junction-to-Ambient 

R0JA 


<75 


*VDD ?=: 20 V, starting Tj =? 25^0, L = 3.37 pHy, Rgs = 50 O, Ipeak =s 9 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

1V1AX- 

UNITS 

Continuous Reverse Drain Current 

IDR 

Tc = 25PC 


- 

9.5 

— 

Pulsed Reveree Drain Current 

IDRM 


- 

- 

38 


Diode Forward Voltage 

VSD 

IF=2xlDR 

VGS = 0V,Ti = 25OC 

mu 

1.3 

1.7 

V 

Reverse Recovery Time 

trr 

Ti = 25PC,|F = IDR 

- 

400 

- 

IHIH 

Reverse Recovered Charge 

QRR 

dIF/dt = 100 A/ns, VR = 100 V 

- 

6.0 

- 

H5H 
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N-GHANNEL 
POWER MOSFETs 



























DRAIN-TO-SOURCE ON RESISTANCE (rDS(ON)) 
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THERMAL RESPONSE (ZthJC) 


BUZ32 




Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 


Figure 13- Typical gate charge vs gate-to-source voltage. 


Vds 



bvdss 



Figure 14 - Undamped energy test circuit 


Figure 15- Undamped energy test waveforms. 
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BUZ351 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 11.5A, 400V 

Package 

TO-218AC 

TOP VIEW 


• fDSCon) = 0-40 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

DRAIN / 

L^f n 

pp..> SOURCE 

• Linear Transfer Characteristics 


--^ GATE 

• High Input Impedance 

xJ 



• Majority Carrier Device 




Description 




The BUZ351 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

The BUZ351 is supplied in the JEDEC TO-218AC plastic package. 

G 

W 

o 

s 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage.Vps 

Drain-Gate Voltage {Rqs = 20kfl).VpGR 

Continuous Drain Current 

Tc = +30OC. Ip 

Pulsed Drain Current 

Tc = +250C.IpM 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = + 25 OC.Pp 

Operating and Storage Junction Temperature Range.Tj, Tstg 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1. 


125 

-55 to+150 
E 

55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ351 


ELECTRSCAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNI'ltS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVoss 

Vgs = 0 V 

Id = 0.25 mA 

400 

- 

- 

V 

Gate-Threshold Voltage 

VcSfth) 

Vds — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25°C 

__ 

20 

250 




Tj= 125*^0 

— 

100 

1000 

pA 



Vds = 400 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 5.5 A 

- 

0.35 

0.4 

0 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 5.5 A 

3.3 

4.5 

- 

S 

Input Capacitance 

Ciss 

II 

o 

< 

- 

3.8 

4.9 

nF 

Output Capacitance 

Coss 

Vds = 25 V 

- 

300 

500 


Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

120 

200 

Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

50 

75 


(ton ~ td(on) tr) 

tr 

Id = 2.9 A 

- 

80 

120 

hs 

Turn-Off Time toff 

tdtoff) 

Vgs = 10 V 

Rgs = 50 n 

- 

330 

430 

(toff = td(off) + tr) 

tr 

- 

110 

140 


Thermal Resistance, Junction-to-Case 

R^jc 


<1 

®C/W 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<45 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25°C 

- 

- 

11.5 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

46 


Diode Forward Voltage 

VsD 

If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 

- 

1.3 

1.7 

V 

Reverse Recovery Time 

trr 

Tj = 25°C, If = Idr 

- 

1 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/yus, Vr = 100 V 

- 

10 

- 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 


4-113 


N-CHANNEL 
POWER MOSFETs 

























BUZ351 



CASE TEMPERATURE (Tc) —"C 



a 



JUNCTION TEMPERATURE (Tj) - “C 


Fig. 2 - Power vs. temperature derating curve for ali types. Fig. 3 “ Normalized gate threshold voltage as a function 

of junction temperature for all types. 



Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 



DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 6 - Typical output characteristics. 



GATE-TO-SOURCE VOLTAGE (Vos) - V 
Fig. 5 - Typical transfer characteristics for all types. 



Fig. 7 - Typical transconductance vs. drain current. 


























RECTANGULAR PULSE DURATION (t,) - S 


TOTAL GATE CHARGE (Qg) — nC 


Fig. 12 - Maximum effective transient thermal impedance, junction- Fig. 13 - Typical gate charge vs. gate-to-source voltage, 

to-case vs. pulse duration. 



















































































^ HARRIS 

BUZ41A 

August 1991 

N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 4.5A, 500V 

• f'DS{on) = l-sri 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ41A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ41A is supplied in the JEDEC TO-220AB plastic package. 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 


G 



Absolute Maximum Ratings (Tq =* +250C), Unless Otherwise Specified 




BUZ41A 

UNITS 

Drain-Source Voltage. 

.Vds 

500 

V 

Drain-Gate Voltage (Rqs ~ SOkfl). 

Continuous Drain Current 

.Vdgr 

500 

V 

Tc = +350C. 

Pulsed Drain Current 

.. ‘d 

4.5 

A 

Tc = +250C. 

.^DM 

18 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±20 

V 

Tc = +250C. 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040 .... 

lEC Climatic Category - DIN lEC 68-1. 

.Tj.TstG 

-55 to+150 

E 

55/150/56 

OC 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ41A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVoss 

Vgs = 0 V 

Id = 0.25 mA 

500 

- 

- 

v 

Gate-Threshold Voltage 

Vosaht 

Vds — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25®C 

— 

20 

250 




Tj = 125'‘C 

— 

100 

1000 

aA 



Vds = 500 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

ToSton) 

> < 

II 

I, II 

- 

1.4 

1.5 

0 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 2.5 A 

1.5 

2.5 

- 

S 

Input Capacitance 

Ciss 

f 

II 

o 

< 

- 

1500 

2000 


Output Capacitance 

Coss 

Vds = 25 V 

- 

110 

170 

pF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

40 

70 


Turn-On Time ton 

td(on) 

Vcc == 30 V 

- 

30 

45 


(ton — td(on) "T tr) 

tr 

Id = 2.6 A 

- 

40 

60 

ns 

Turn-Off Time totf 

td(off) 

Vgs= 10 V 

Rds — 50 0 

- 

110 

140 

(toff — td(off) + tr) 


- 

50 

65 


Thermal Resistance, Junction-to-Case 

Rftic 


<1.67 

®C/W 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25«C 

- 

- 

4,5 

A 

Pulsed Reverse Drain Current 

Idrm 

- 


18 


Diode Forward Voltage 

VsD 

If = 2 X Idr 

Vgs = 0 V, T, = 25 °C 

- 

1.1 

1.5 

V 

Reverse Recovery Time 

trr 

Tj = 25®C, If = Idr 

- 

1200 

- 

ns 

Reverse Recovered Charge 

Qrr 

dlp/dt = 100 A/ps, Vr = 100 V 

- 

6 

- 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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N^HANNEL 
POWER MOSFETs 





POWER DISSIPATION (Pt) 















































BUZ41A 


Fig. 



DRAIN CURRENT (Id) — A 
8 - Typical on-resistance vs. drain current. 



DRAIN-TO-SOURCE VOLTAGE (Vds) — V 

Fig. 9 - Typical capacitance vs. drain-to-source voltage. 



Q l I I I I I 1 I 1 1 I I I 1 I I 

0 50 100 150 

CASE TEMPERATURE (Tc) — °C 


Fig. 10- Maximum drain current vs. case temperature. 



0 0.5 1.0 1.5 2.0 2.5 3.0 

SOURCE-TO-DRAIN voltage (VgQ) - V 

Fig. 11 - Typical source-drain diode forward voltage. 





TOTAL GATE CHARGE (Qg) - nC 


Fig. 12 - Maximum effective transient thermal impedance, junction- Fig. 13 - Typical gate charge vs. gate-to-source voltage, 

to-case vs. pulse duration. 
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N-CHANNEL 
POWER MOSFETs 



































© HAIRRIS BUZ42 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 4.0A, 500V 

Package 

TO-220AB 

TOP VIEW 

• fPSton) = 2.00 

• SOA is Power-Dissipation Limited 





DRAIN 




• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

(FLANGE) 

O 



u 


^ DRAIN 


, _ 


• High Input Impedance 

• Majority Carrier Device 





Description 





The BUZ42 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

The BUZ42 is supplied in the JEDEC TO-220AB plastic package. 


G 

( 1 >— 
11 N— 

> 

S 


Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




BUZ42 

UNITS 

Drain-Source Voltage. 

.Vds 

500 

V 

Drain-Gate Voltage {Rqs = SOkfi). 

Continuous Drain Current 

.VpGR 

500 

V 

Tc = +550C... 

Pulsed Drain Current 

. >D 

40 

A 

Tc = +250C. 

.‘dm 

16 

A 

Single Pulse Avalanche Energy*, EAS. 


300 

mj 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tq = +250C. 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1. 

.Tj,TstG 

-55 to+150 

E 

55/150/56 

OC 


‘VpD = 50V, Starting Tj = 250C, L = 25)jHy, Rgg = 250, Ipeak “ 4.5A, see Figures 14 and 15. 


CAUTiON: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. pjl^ Number 2417 

Copyright © Harris Corporation 1991 
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Specifications BUZ42 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25^0 unless othenA/ise specified 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

VGS=0V 

ID = 0.25 mA 

500 

- 

- 

■ 

Gate-Threshold Voltage 

VGS(th) 

VDS = VGS 

ID = 1 mA 

2.1 

3 

4 

■ 



Tj = 250C 

_ 

20 

250 


Zero-Gate Voltage Drain Current 

IDSS 

Tj=1250C 

VDS = 500V,VGS = 0V 

” 

100 

1000 

pA 

Gate-Source Leakage Current 

IGSS 

VGS = 20V 

VDS = 0V 

- 

10 

100 

nA 

Drain-Source on Resistance 

rDS(on) 

VGS = 10V 

ID = 2.5 A 

- 

1.6 

2.0 

n 

Forward Transconductance 

gfs 

VDS = 25V 

ID = 2.5 A 

1.5 

2.5 

- 

S 

Input Capacitance 

Ciss 

VGS = 0V 

- 

1500 

2000 


Output Capacitance 

Coss 

VDS = 25V 

- 

110 

170 

PF 

Reverse Transfer Capacitance 

Crss 

f=1 MHZ 

- 

40 

70 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

30 

45 


{ton = td{on) + tr) 

tr 

ID = 2.5 A 

- 

40 

60 

ns 

Turn-Off Time toff 

td(off) 

VGS = 10V 

- 

110 

140 

(toff = td(off) = tr) 

tr 

RGS = 50 n 

- 

50 

65 


Thermal Resistance, Junction-to-Case 

R0JC 


<1.67 

OC/W 







Thermal Resistance, Junction-to-Ambient 

R0JA 



<75 




*VDD = 50 V, starting Tj = 250C, L = 25 pHy, Rgs = 25ri, Ipeak = 4.5 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Continuous Reverse Drain Current 

IDR 

Tc = 250C 


- 

4.0 

miiiiiii 

Pulsed Reverse Drain Current 

IDRM 


■1 

- 

16 


Diode Forward Voltage 

VSD 

IF = 2xlDR 

VGS = 0V,Tj = 25OC 

- 

1.1 

1.5 

V 

Reverse Recovery Time 

trr 

T1 = 250C,IF = IDR 

- 

1200 

- 

ns 

Reverse Recovered Charge 

QRR 

dIF/dt = 100 A/ps, VR = 100 V 

- 

6.0 

- 

pC 
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N-CHANNEL 
POWER MOSFETs 



























































































BUZ42 



DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 
Figure 1 - Maximum safe operating areas for ail types. 



CASE TEMPERATURE (Tq) — 

Figure 2 - Power vs temperature derating curve for all types. 



JUNCTION TEMPERATURE (Tj) — °C 
Figure 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 




. JUNCTION TEMPERATURE (Tj) “ ®C 

Figure 4 - Normalized drain-to-source on resistance 
to Junction temperature for all types. 


3. 5 

o 


SOps Puise Test, 
Vds = 25V 


1 





t 









1 










/ 
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1 
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i 

Tj = 25°C 

— 





/ 









1 










j 









J 










\z 








0 5 10 

GATE-TO-SOURCE VOLTAGE (Vqs) — V 

Figure 5 - Typical transfer characteristics for all types. 
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DRAIN-TO-SOURCE ON RESISTANCE (rDS(ON)) “ ^ DRAIN CURRENT (Id) 



N-CHANNEL 
POWER MOSFETs 













































BUZ42 




TOTAL GATE CHARGE (Q<j) ~ nC 


Figure 12* Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 


Figure 13 - Typical gate charge vs gate^to-source voltage. 


bvdss 




Figure 14 - Undamped energy test circuit. 


Figure 15 - Undamped energy test waveforms, 





























BUZ45 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 9.6A, 500V 

• foscon) = o.ea 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


T0-204AA 
BOTTOM VIEW 



DRAIN 

/(FLANGE) 


Description 

The BUZ45 is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be J 

operated directly from integrated circuits. 

The BUZ45 is supplied in the JEDEC TO-204AA plastic package. / ^ 


Absolute Maximum Ratings (Tc = +25^0) Unless Otherwise Specified 


Drain-Spurce Voltage.... Vps 

Drain-Gate Voltage (Rqs ” SOkfi).... Vqqr 

Continuous Drain Current 

Tc«+250C .. Id 

Pulsed Drain Current 

Tc = +250C. Idm 

Gate-Souroe Voltage .. Vqs 

Maximum Power Dissipation 

1q^+25^C . ...Pd 

Operating and Storage Junction Temperature Range... Tj,Tstg 

DIN Humidity Category- DIN 40040 .... 

lEC Climatic Category - DIN lEC 68-1..... 


125 

-55 to+150 
E 

55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 


















Specifications BUZ45 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25® C Unless Otherwise Specified 


CHARACTERISTIC 


LIMITS 



TYP. 



Drain-Source Breakdown Voltage 

BVoss 

Vgs = 0 V 

Id = 0.25 mA 


- 

mi 

■ 

Gate-threshold Voltage 

VoSfth) 

Vds = Vgs 

Id = 1 mA 

2.1 

3 

HU 

■ 

Zero-Gate Voltage Drain Current 

loss 

Tj = 25®C 


20 





Tj=125®C 


100 

1000 




Vds = 500 V, Vgs = 0 V 





Gate-Source Leakage Current 

Iqss 

Vgs = 20 V 

Vds = 0 V 

- 

10 



Drain-Source On Resistance 

ros(on» 

Vgs = 10 V 

Id = 5 A 

- 

0.55 

0.6 

0 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 5 A 

2.7 

5 

- 


Input Capacitance 

Ciss 

> 

o 

II 

u 

- 


4900 

■■HI 

Output Capacitance 

Coss 

Vds = 25 V 

- 

WESKH 

400 

PF 

Reverse Transfer Capacitance 


f = 1 MHz 

- 

100 

170 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

50 

75 


(ton ~ td(on> “i" tf) 


Id = 2.8 A 


80 

120 


Turn-Off Timetow 

tdtoff) 

Vgs = 10 V 

Rgs = 50 fi 

- 

330 

430 

(toff = td(off) + tr) 


- 

110 

140 


Thermal Resistance, Junction-to-Case 

Rftjc 


<1 

®C/W 

Thermal Resistance, Junction-to-Amblent 

RftIA 


<35 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

O 

o 

10 

CM 

11 

- 

- 

9.6 

■■ 

Pulsed Reverse Drain Current 

Idrm 

- 

_ 

38 

■i 

Diode Forward Voltage 

Vso 

If — 2 X Idr 

Vgs = 0 V, Tj = 25 ®C 

- 


1.7 

B 

Reverse Recovery Time 

t„ 

Tj = 25«C. If = Idr 

- 

1200 

- 

umii 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/fjS, Vr = 100 V 

- 

12 

- 




10® 5 10’ 5 10^ 5 10^ 

DRAIN-TO-SOURCE VOLTAGE (Vos) - V 


Fig. 1 - Maximum safe operating areas for all types. 
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V A unMiwi wowunuc vn ncoioiMnuc 

DRAIN CURRENT (Id) — A ^ ■ IrDs(on)]-a ^ POWER DISSIPATION (Pt) 




0 50 100 150 

CASE TEMPERATURE (Tc) —°C 
Power vs. temperature derating curve for all types. 



-50 0 50 100 150 

JUNCTION TEMPERATURE (Tj) - »C 

Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 



-50 0 50 100 150 

JUNCTION TEMPERATURE (Tj) - ’C 

'ormalized drain-to-source on resistance to junction 
\mperature for all types. 


80yus PULS 


!■»< 




Vd 

s — ^ 

0 V, 


lirii 







1 

IHF 

' 







1 

in 
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1 
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1 
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1 
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rj 
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0 12 3 4 5 6 7 0 10 

GATE-TO-SOURCE VOLTAGE (Vqs) — V 
Fig. 5 - Typical transfer characteristics for all types. 


80 /js PULSE TEST 
■ T, = 25 ° C 




N-CHANNEL 
POWER MOSFETs 



































0 10 20 30 

DRAIN CURRENT (b) — A 

Fig. 8 - Typical on-resistance vs. drain current. 



Fig. 10- Maximum drain current vs. case temperature. 



Fig. 12- Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 


Illllli 


REVERSE DRAIN CURRENT (Ipp) - A CO CAPACITANCE (C) — PF 


Z45 



- Typical capacitance vs. drain-to-source voltage 



Fig. 11 - Typical source-drain diode forward voltage. 



TOTAL GATE CHARGE (Qg) — nC 


Fig. 13 - Typical gate charge vs. gate-to-source voltage. 

















































® l-LAJRRIS BUZ45A 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 8.3A, 500V 

• •'DS(on) = O-Sn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 



Description 


The BUZ45A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ45A is supplied in the JEDEC TO-204AA plastic package. 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




BUZ45A 

UNITS 

Drain-Source Voltage. 

.Vds 

500 

V 

Drain-Gate Voltage (Rqs = SOkH). 

Continuous Drain Current 

.Vdgr 

500 

V 

Tc = +250C. 

Pulsed Drain Current 

.'d 

8.3 

A 

Tq = +250C. 

.'dm 

33 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = +250C. 

.pd 

125 

W 

Operating and Storage Junction Temperature Range. 

.Tj,TstG 

-55 to +150 

OC 

DIN Humidity Category - DIN 40040 . 


E 


lEC Climatic Category - DIN lEC 68-1. 


55/150/56 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2258 
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Specifications BUZ45A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

Drain-Source Breakdown Voltage 

Gate-Threshold Voltage 


TEST CONDITIONS 

Vgs = 0 V 
Id = 0.25 mA 

Vds — Vgs 
Id = 1 mA 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25°C 

— 

20 

250 




Tj = 125°C 

— 

100 

1000 




Vds = 500 V, Vgs = 0 V 





Gate-Source Leakage Current 

less 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

r DS(on) 

Vgs = 10 V 

1 — C A 

_ 

0.7 

0.8 

n 


Forward Transconductance 
Input Capacitance 


Output Capacitance 

Coss 

Reverse Transfer Capacitance 

Crss 

Turn-On Time ton 

td(on) 

(ton — tcl(on) "T tr) 


Turn-Off Time W 

tdtoff) 

(toff = td(off) + tr) 

tr 

Thermal Resistance, Junction-to-Case 

Rftjc 

Thermal Resistance, Junction-to-Ambient 

R^ja 


Vds = 25 V 
Id = 5 A 

Vgs = 0 V 
Vds = 25 V 
f = 1 MHz 

Vcc = 30 V 
Id = 2.8 A 
Vgs = 10 V 
Rgs = 50 n 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

Continuous Reverse Drain Current 

Idr 

Pulsed Reverse Drain Current 

Idrm 

Diode Forward Voltage 

VsD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qbr 


TEST CONDITIONS 

Tc = 25°C 
If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 
Ti = 25°C, If = Idr 


LIMITS 1 

MIN. 

TYP. 

MAX. 

- 

- 

8.3 

- 

- 

33 

- 

1.3 

1.6 

- 

1200 

- 

- 

12 

_ 






-It — 

— 


< 1 — - 


r - 

K 

' 

L 



N 


— 

i_ 

-s 




v[ 

V 



\ 

\ 


S 










> 

1 




DRAIN-TO-SOURCE VOLTAGE (Vds) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Pt) 



N-CHANNEL 
POWER MOSFETs 




































































































































N-CHANNEL 
POWER MOSFETs 



















Specifications BUZ45B 


electrical characteristics At Case Temperature (Tc) = 25® C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0V 

Id = 0.25 mA 

500 


- 

V 

Gate-Threshold Voltage 

VcSfth) 

Vds = Vgs 

Id = 1 nriA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25°C 

— 

20 

250 




Tj= 125^0 

__ 

100 

1000 

A/A 



Vds = 500 V, Vgs = 0 V 





Gate-Source Leakage Current 

less 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 5 A 

- 

0.49 


0 

Forward Transconductance 

gts 

Vds = 25 V 

Id = 5 A 

2.7 

5 

- 


Input Capacitance 


Vgs = 0 V 

- 

HQ^UIII 

4900 


Output Capacitance 


Vds = 25 V 

- 

HESiHI 

400 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

100 

170 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

50 

75 


(ton — t<j(on) "F tr) 

tr 

Id - 2.9 A 

- 

80 

120 

ns 

Turn-Off Time W 

td(off) 

OT U 

II II 

o o 
D < 

' - 

330 

430 

(toff = td(off) + tr) 

tr 

- 

110 

140 


Thermal Resistance, Junction-to-Case 

R«jc 


<1 

“C/W 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<35 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 


LIMITS 

UNITS 


MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25®C 

- 

- 

10 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

40 


Diode Forward Voltage 

VsD 

If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 

- 

1.3 

1.7 

V 

Reverse Recovery Time 

trr 

Tj-25°C, If=Idr 

- 

1200 


ns 

Reverse Recovered Charge 

Qrr 

dlp/dt = 100 A//iS, Vr = 100 V 

- 

1 

12 


A/C 



DRAIN-TO-SOURCE VOLTAGE (Vds) - V 
Fig. 1 - Maximum safe operating areas for all types. 
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BUZ45B 



0 50 100 150 

CASE TEMPERATURE (Tc) —°C 
Fig. 2 - Power vs. temperature derating curve for all types. 



Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 



JUNCTION TEMPERATURE (Tj) - ‘C 

Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 



GATE-TO-SOURCE VOLTAGE (Vgs) ^ V 
Fig. 5 - Typical transfer characteristics for all types. 



0 10 20 30 40 


DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 6 - Typical output characteristics. 



DRAIN CURRENT (Id) -A 

Fig. 7 - Typical transconductance vs. drain current. 


N-CHANNEL 
POWER MOSFETs 





























RECTANGULAR PULSE DURATION (ti) — S 


TOTAL GATE CHARGE (Qg) - nC 




































































BUZ60 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 5.5A, 400V 

• rDSCon) = 1-Of^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ60 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ60 is supplied in the JEDEC TO-220AB plastic package. 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250C), Unless Otherwise Specified 


Drain-Source Voltage. 

.VdS 

BUZ60 

400 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkfl). 

.VogR 

400 

V 

Continuous Drain Current 

Tc = +350C. 

. >0 

5.5 

A 

Pulsed Drain Current 

Tc = +250C. 

.'dm 

22 

A 

Gate-Source Voltage . 

.Vgs 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

75 

W 

Operating and Storage Junction Temperature Range. 

.Tj.TstG 

-55 to+150 

OC 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1. 


E 

55/150/56 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handlina rimro/jures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ60 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

400 

- 

- 

V 

Gate-Threshold Voltage 

VcSfth) 

Vds = Vgs 

Id = 1 mA 

2.1 

3 

4 

Zero-Gate Voltage Drain Current 

loss 

Ti = 25°C 

— 

20 

250 




Tj = 125°C 

— 

100 

1000 

aA 



Vds = 400 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 2.5 A 

- 

0.9 

1 

Q 

Forward Transconductance 


Vds = 25 V 

Id = 2.5 A 

1.7 

2.5 

- 

S 

Input Capacitance 

Ciss 

> 

o 

II 

c 

> 

- 

1.5 

2 


Output Capacitance 

Coss 

Vds = 25 V 

- 

120 

180 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

35 

60 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

30 

45 


(ton ~ td(on) “h tr) 

tr 

Id = 2.7 A 


40 

60 

ns 

Turn-Off Time toff 

td(off) 

Vgs = 10 V 

Rgs = 50 n 


110 

140 

(toff = tcl(off) + tr) 

tr 

- 

50 

65 


Thermal Resistance, Junction-to-Case 

Rftjc 


<1.67 

°C/W 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25°C 

- 

- 

5.5 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

22 


Diode Forward Voltage 

VsD 

If — 2 X Idr 

Vgs = 0V, Ti = 25°C 

- 

1.15 

1.6 

V 

Reverse Recovery Time 

trr 

Ti-25°C, If = Idr 

- 

1000 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/ps, Vr = 100 V 

- 

5 

- 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vos) ~ V 

Fig. 1 - Maximum safe operating areas for all types. 
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POWER DISSIPATION (Pt) 



N-CHANNEL 
POWER MOSFETs 














































BUZ60 



Fig. 8 - Typical on-resistance v's. drain current. 



Fig. 9 - Typical capacitance v^s. drain-to-source voltage. 



CASE TEMPERATURE (Tc) -- “C 



0 0.5 1.0 1.5 2.0 2.5 3.0 

SOUBCE-TO-DRAIN VOLTAGE (Vgo) - V 


Fig, 10 - Maximum drain current vs. case temperature. 


Fig. 11 - Typical source-drain diode forward voltage. 



to-case vs. pulse duration. 








































































August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 4.5A, 400V 

• ''DS(on) = 

• SOA is Power*Di8Sipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The BUZ60B is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ60B is supplied in the JEDEC TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (To = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (R^s “ SOkH) .— Vqqr 

Continuous Drain Current 

Tc“+350C. Id 

Pulsed Drain Current 

Tc ^ +2 S<>C. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc*+250C.... Pd 

Operating and Storage Junction Temperature Range...TjfTsTQ 

DIN Humidity Category - DIN 40040.. 

lEC Climatic Category - DIN lEC 68-1... 


75 

-55 to+150 
E 

55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper 1.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ60B 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 


MIN. 

TYP. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

400 

- 


V 

Gate-Threshold Voltage 

Vcsfth) 

Vos = Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25<»C 

— 

20 

250 




Tj=125°C 

— 

100 

1000 

pA 



Vos = 400 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vos = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rostoii) 

Vgs = 10 V 

Id = 2.5 A 

- 

1.2 

1.5 

0 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 2.5 A 

1.7 

2.5 

- 

S 

Input Capacitance 

Ciss 

f 

II 

o 

< 

- 

1.5 

2 


Output Capacitance 

Coss 

Vds = 25 V 

- 

120 

180 

pF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

35 

60 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

30 

45 


(ton “ td(oh) T" tr) 

tr 

Id = 2.6 A 

- 

40 

60 

ns 

Turn-Off Time toff 

td(Off) 

> G 

II II 

> DC 

- 

110 

140 

(toff = td(off) 4- tr) 


- 

50 

65 


Thermal Resistance, Junction-to-Case 

Rtfjc 


<1.67 

“C/W 

Thermal Resistance, Junction-to-Ambient 

I 

DC 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25‘’C 

- 

1.7 

4.5 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

18 


Diode Forward Voltage 

VsD 

If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 

- 

1.15 

1.50 

V 

Reverse Recovery Time trr 

Ti = 25"C, If = Idr 

- 

1000 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt - 100 A/ps, Vr = 100 V 

- 

5 

- 

mC 



DRAIN-TO-SOURCE VOLTAGE (Vos) - V 


Fig. 1 - Maximum safe operating areas for all types. 
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N-CHANNEL 
POWER MOSFETs 





































Fig. 12- Maximum effective transient thermal impedance, 
to-case vs. pulse duration. 



Fig. 13 - Typical gate charge vs. gate-to-source voltage. 

































































^ HARRIS BUZ71 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 14A, 50V 

• fOSton) = 0-1^^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ71 is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ71 is supplied in the JEDEC TO-220AB plastic package. 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 


o 


- SOURCE 
> DRAIN 


3>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




BUZ71 

UNITS 

Drain-Source Voltage. 

. Vds 

50 

V 

Drain-Gate Voltage (Rqs “ 20kfl). 

Continuous Drain Current 

.Vdgr 

50 

V 

Tc = +550C. 

Pulsed Drain Current 

. ‘d 

14 

A 

Tc = +250C... 

.‘dm 

56 

A 

Single Pulse Avalanche Energy*, EAS. 


100 

mi 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

V 

Tc = +250C . 

. Pd 

40 

W 

Operating and Storage Junction Temperature Range. 

. Tj,TstG 

-55 to+150 

OC 

DIN Humidity Category - DIN 40040 . 


E 


lEC Climatic Category - DIN lEC 68-1. 


55/150/56 



*Vdd = 10V, starting Tj = 250C, L = 820MHy, Ipeak “ Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ71 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +250C Unless Otherwise Specified. 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

VGS = 0V 

ID = 0.25 mA 

50 

mi' 

mi 


Gate-Threshold Voltage 

VGS(th) 

VDS = VGS 

ID 1 mA 

2.1 

3 

4 

V 

Zero-Gate Voltage Drain Current 

IDSS 

Tj = 25^0 

Ti = 1250C 

VDS=i:50V,VGS = 0V 

- 

20 

100 

250 

1000 

fiA 

Gate-Source Leakage Current 

IGSS 

VGS = 20V 

VDS=0V 

- 

10 

100 

nA 

Drain-Source on Resistance 

rDS(on) 

VGS==10V 

ID = 9A 

- 

0.09 

0.1 

a 

Forward Transconductance 

gfs 

VDS = 25V 

ID-9A 

3.0 

5.2 

- 

S 

Input Capacitance 

Ciss 

VGS = 0V 

- 

480 

650 


Output Capacitance 

Coss 

VDS = 25V 

- 

280 

450 

PF 

Reverse T ransfer Capacitance 

Crss 

f = 1 MHZ 

- 

160 

260 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

20 

30 


(ton = td(on) + tr) 

fr 

< 

CO 

II 

Q 

- 

55 

85 

ns 

Tu rn-Off Time toff 

td(off) 

VGS = 10V 

- 

70 

90 

(toff-td(off)±=tr) 

tr 

RGS - 50 a 

- 

80 

110 


Thermal Resistance, Junction-to-Case 

R0JC 


<3.1 

OC/W 

Thermal Resistance, Junction-to-Ambient 

R0JA 


<75 


*VDD = 10 V, starting Tj = 250C, L ~ 820 ^Hy, Ipeak - 14 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Continuous Reverse Drain Current 

IDR 

Tc = 250C 

- 

- 

14 

— 

Rulsed Reverse Drain Current 

IDRM 


- 

- 

56 

■1 

Diode Forward Voltage 

VSD 

IF=2xlDR 

VGS = 0V,Tj = 25OC 

- 

1.6 

1.8 

V 

Reverse Recovery Time 

trr 

Tj = 250C, IF = IDR 

- 

120 

- 


Reverse Recovered Charge 

QRR 

dIF/dt = 100 A/fis, VR = 30 V 

- 

0.15 

- 

Wm 
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DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 
Figure 1 - Maximum safe operating areas for ail types. 



0 50 100 150 

CASE TEMPERATURE (Tq) — OC 

Figure 2 - Power vs temperature derating curve for aii types. 



JUNCTION TEMPERATURE (Tj) — “C 
Figure 3 - Normalized gate threshold voltage as a function 
of Junction temperature for all types. 




GATE-TO-SOURCE VOLTAGE (Vqs) — V 


Figure 4 - Normalized drain-to-source on resistance 
to Junction temperature for ail types. 


Figure 5 - Typical transfer characteristics for all types. 

































DRAIN-TO-SOURCE ON RESISTANCE (rDS(ON)) 




































































THERMAL RESPONSE (Z^hjc) 


BUZ71 



Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 



0 5 10 15 20 25 30 

TOTAL GATE CHARGE (Qq) “ nC 

Figure 13 - Typical gate charge vs gate-to-source voltage. 


Vds 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Rqs 

—VW 

VQS = 1Ov[j-lp-|_(0 



IVdd 


BVdSS 



Figure 14- Undamped energy test circuit. 


Figure 15 - Undamped energy test waveforms. 
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BUZ71A 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 

• 13A, 50V 

• fDSCon) = o-isn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The BUZ71A is an n-channel enhancement-mode silicon-gate Terminal Diagram 
power field-effect transistor designed for applications such as 

switching regulators, switching converters, motor drivers, relay N-CHANNEL ENHANCEMENT MODE 

drivers, and drivers for high-power bipolar switching transistors 

requiring high speed and low gate-drive power. This type can be J 

operated directly from integrated circuits. 

The BUZ71A is supplied in the JEDEC TO-220AB plastic package. / j 


Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Continuous Drain Current 

Tc = +550C. 

Pulsed Drain Current 

Tc = -i-250C. 

Single Pulse Avalanche Energy*, EAS . 


Maximum Power Dissipation 

Tc = +250C. 


DIN Humidity Category - DIN 40040 .. 
lEC Climatic Category - DIN lEC 68-1. 



BUZ71A 

UNITS 

.... Vds 

50 

V 

•••VdGR 

50 

V 

.Id 

13 

A 

.‘dm 

48 

A 


100 

mj 

• • • • Vqs 

±20 

V 

.Pd 

40 

W 

Tj,TstG 

-55 to+150 

E 

55/150/56 

oc 


*Vdd “ 10V, starting Tj = +250C, L = 820MHy, Ipeak “ 1^A> Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ71A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = +250C Unless Otherwise Specified. 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

VGS=0V 

ID = 0.25 mA 

50 

- 

- 


Gate-Threshold Voltage 

VGS(th) 

VDS = VGS 

ID = 1 mA 

2.1 

3 

4 

V 

Zero-Gate Voltage Drain Current 

IDSS 

Tj = 250C 

Tj=1250C 

VDS = 50V,VGS = 0V 

- 

20 

100 

250 

1000 

mA 

Gate-Source Leakage Current 

IGSS 

VGS = 20V 

VDS = 0V 

- 

10 

100 

nA 

Drain-Source on Resistance 

rDS(on) 

VGS=10V 

ID = 9A 

- 

0.11 

0.12 

a 

Forward Transconductance 

gfs 

VDS = 25V 

ID = 9A 

3.0 


- 

s 

Input Capacitance 

Ciss 

VGS=0V 

- 

480 

650 


Output Capacitance 

Coss 

VDS = 25V 

- 

280 

450 

PF 

Reverse T ransfer Capacitance 

Crss 

f = 1 MHZ 

- 

160 

280 


Turn-On Time ton 

td(on) 

Vcc = 30V 

- 

20 

30 


(ton = td(on) + tr) 

tr 

< 

<0 

II 

Q 

- 

55 

85 


Turn-Off Time toff 

td(off) 

VGS = 10V 

- 

70 

90 

ns 

(toff = td(off) = tr) 

tr 

RGS = 50 a 

- 

80 

110 


Thermal Resistance, Junction-to-Case 

R0JC 


<3.1 

oc/W 

Thermal Resistance, Junction-to-Ambient 

R0JA 


<75 



*VDD = 10 V, starting Tj = 250C, L = 820 fiHy, Ipeak = 14 A, see figure 14 & 15. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN. 

TYP. 

MAX. 

UNITS 

Continuous Reverse Drain Current 

IDR 

Tc = 250C 

- 

■i 

13 

A 

Pulsed Reverse Drain Current 

IDRM 


- 

■1 

52 


Diode Forward Voltage 

VSD 

IF=2xlDR 

VGS = 0V,Tj = 25OC 

- 

1.6 

2.2 

V 

Reverse Recovery Time 

trr 

Tj = 250C, IF = IDR 

- 

120 

- 

ns 

Reverse Recovered Charge 

QRR 

dlF/dt = 100 A/ms, VR = 30 V 

- 

0.15 

- 

mC 
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DRAIN CURRENT (Iq) — A <q- DRAIN-TO-SOURCE ON RESISTANCE (rDS(ON)) 


BUZ71A 



DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 



DRAIN CURRENT (Iq) — A 


Figure 6 - Typical output characteristics. 


Figure 7 - Typical transconductance vs drain current. 



DRAIN CURRENT (Iq) - A 
re 8 - Typical on-resistance vs drain current. 



CASE TEMPERATURE (Tq) — 

Figure 10 - Maximum drain current vs case temperature. 



0 10 20 30 UO 

DRAIN-TO-SOURCE VOLTAGE (Vqs) — V 

Figure 9 - Typical capacitance vs drain-to-source voltage. 



SOURCE-TO-DRAIN VOLTAGE (Vgo) — V 
Figure 11 - Typical source-drain diode forward voltage. 



N-CHANNEL 
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THERMAL RESPONSE (ZthJC> 


BUZ71A 



RECTANGULAR PULSE DURATION (li) — S 

Figure 12 - Maximum effective transient thermal impedance, 
junction-to-case vs pulse duration 



TOTAL GATE CHARGE (Qq) - nC 


Figure 13- Typical gate charge vs gate-to-source voltage. 


bvdss 




Figure 14 - Undamped energy test circuit. 


Figure 15- Undamped energy test waveforms. 








BUZ72A 


August 1991 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor 


Features 


• fDSCon) = 0.250 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The BUZ72A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ72A is supplied in the JEDEC TO-220AB plastic package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Drain-Source Voltage. Vqs 

Drain-Gate Voltage (Rqs = 20kn). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Pulsed Drain Current 

Tc = +250C.Idm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc*+250C. Pd 

Operating and Storage Junction Temperature Range.^J»irSTG 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1. 


40 

-55 to +150 
E 

55/150/56 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ 72A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 


MIN. 

TYP. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0V 

Id = 0.25 mA 

100 

- 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

Vos — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj^aS'^C 


20 

250 




Tj= 125'’C 

— 

100 

1000 

pA 



Vds = 100V, Vgs-OV 





Gate-Source Leakage Current 

less 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

roSton) 

Vgs-10 V 

Id - 5 A 

- 

0.23 

0.25 

Q 

Forward Transconductance 

gfs 

Vds = 25 V 

Id = 5A 

2.7 

3.8 

“ 

S 

Input Capacitance 

Ciss 

Vgs - 0 V 

- 

450 

600 


Output Capacitance 

Coss 

Vds = 25 V 

- 

150 

240 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

- j 

80 

130 


Turn-On Time ton 

td(on) 

Vcc ^ 30 V 

- 

20 

30 


(ton ~ tcl(on) "T tr) 

tr 

Id =2.9 A 


45 

70 

ns 

Turn-Off Time to*f 

fd(off> 

Vgs = 10 V 

Rgs = 50 D 

- 

70 

90 

(toff = td(off) + tr) 

tr 

- 

^ 55 

70 


Thermal Resistance, Junction-to~Case 

Rftic 


<3.1 

°C/W 

Thermal Resistance, Junction-to-Ambient 

RftlA 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25®C 

- 

- 

9 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

36 


Diode Forward Voltage 

Vsd 

If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 


1.5 

2 

V 

Reverse Recovery Time 

trr 

Tj = 25°C, If = Idr 

- 

170 


ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/ps, Vr == 30 V 

- 

0.30 

, - 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vds) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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THERMAL RESPONSE (Z,hjc) 


BUZ72A 



DRAIN CURRENT (Id) — A 

Fig. 8 - Typical on-resistance vs. drain current. 



Fig. 9 - Typical capacitance vs. drain-to-source voltage. 



CASE TEMPERATURE (Tc) — “C 
Fig. 10- Maximum drain current vs. case temperature. 



SOURCE-TO-ORAIN VOLTAGE (V^q) - V 

Fig. 11 - Typical source-drain diode forward voltage. 



RECTANGULAR PULSE DURATION (t,) — S 
Fig. 12- Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 



TOTAL GATE CHARGE (Qg) - nC 


Fig. 13 - Typical gate charge vs. gate-to-source voltage. 


4-158 

























































© HARRIS BUZ73A 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 5.8A, 200V 

• »'DS(on) = O.eCL 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 


>GATE 


Description 


The BUZ73A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ73A is supplied in the JEDEC TO-220AB plastic package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 




BUZ73A 

UNITS 

Drain-Source Voltage. 

.Vds 

200 

V 

Drain-Gate Voltage (Rqs 20kn). 

Continuous Drain Current 

.Vdgr 

200 

V 

Tc = +250C. 

Pulsed Drain Current 

. ‘d 

5.8 

A 

Tc = +250C. 

.Idm 

23 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = +250C. 

.Pd 

40 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1. 

.Tj.TstG 

-55 to +150 

E 

55/150/56 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2263 


4-159 
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Specifications BUZ73A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

200 

- 

- 

V 

Gate-Threshold Voltage 

VcSHh) 

Vds — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj=::25°C 

— 

20 

250 




O 

0 

in 

CM 

II 

— 

100 

1000 

pA 



Vds = 200 V, Vgs = 0 V 





Gate-Source Leakage Current 

Igss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

ToSton) 

Vgs = 10 V 

Id = 3.5 A 

- 

0.5 

0.6 

Q 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 3.5 A 

2.2 

3.5 

- 

S 

Input Capacitance 

Ciss 

> 

o 

li 

c 

> 

- 

450 

600 


Output Capacitance 

Coss 

Vds = 25 V 

- 

100 

160 

PF 

Reverse Transfer Capacitance 

Crss 

f-1 MHz 

- 

50 

80 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

15 

20 


(ton — tcl(on) "F tr) 


Id = 2.8 A 

- 

40 

60 

ns 

Turn-Off Time ton 

td(off) 

Vgs = 10 V 

Rgs = 50 n 

- 

70 

90 

(toff = td(off) + tr) 

tr 

- 

40 

55 


Thermal Resistance, Junction-to-Case 

Rftjc 


<3.1 

°C/W 

Thermal Resistance, Junction-to-Ambient 

RfiJA 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

loR 

Tc = 25°C 

- 

- 

5.8 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

23 


Diode Forward Voltage 

VsD 

If — 2 X Idr 

Vgs = 0 V, Tj = 25 °C 

- 

1.4 

1.7 

V 

Reverse Recovery Time 

trr 

Tj = 25°C, If = Idr 

- 

200 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A/ps, Vr = 100 V 

- 

0.6 

- 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vos) - V 
Fig. 1 - Maximum safe operating areas for all types. 
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BUZ73A 



0 50 100 150 

CASE TEMPERATURE (Tc) —°C 
Fig. 2 - Power vs. temperature derating curve for all types. 



-50 0 50 100 150 

JUNCTION TEMPERATURE (Tj) - ”C 

Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 

^ 5 , I , . , . I I I . . ■ ■ —I 

IP = W)W 80/7S PULSE TEST 

-,-T,-25°C 



DRAIN-TO-SOURCE VOLTAGE (Vos) - 
Fig. 6 - Typical output characteristics. 



-50 0 50 100 150 

JUNCTION TEMPERATURE (Tj) - ‘C 

Fig. 3 - Normalized gate threshold voltage as a function 
of junction temperature for all types. 

^-^^^-, 


80 A/s PULSE TEST 
Vos = 25 V, Ti = 25 ° 
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0 2 ^ 6 8 10 
GATE-TO-SOURCE VOLTAGE (Vgs) — V 
Fig. 5 - Typical transfer characteristics for all types. 


aOfjs PULSE TEST 
Vds = 25 V. T, = 25°C 



0 2 h 6 8 10 12 

DRAIN CURRENT (Id) -A 

Fig. 7 - Typical transconductance vs. drain current. 
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© HARRIS BUZ76 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 




BUZ76 

UNITS 

Drain-Source Voltage. 

.Vds 

400 

V 

Drain-Gate Voltage (Rqs = 20kfl). 

Continuous Drain Current 

.Vdgr 

400 

V 

Tc = +350C. 

Pulsed Drain Current 

.‘d 

3 

A 

Tc = +250C. 

.‘dm 

12 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = +250C. 

.pd 

40 

W 

Operating and Storage Junction Temperature Range. 

DIN Humidity Category - DIN 40040. 

lEC Climatic Category - DIN lEC 68-1. 

.Tj.TSTG 

-55 to+150 

E 

55/150/56 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 2264 

Copyright © Harris Corporation 1991 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Features 

• 3A, 400V 
•TDS(on) = 1-8^^ 

• SOA is Power*-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The BUZ76 Is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ76 is supplied in the JED EC TO-220AB plastic package. 
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N-CHANNEL 
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Specifications BUZ76 


ELECTRICAL CHARACTERISTICS Af Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id — 0.25 mA 

400 

- 

- 

V 

Gate-Threshold Voltage 

VoSdh) 

Vds = Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

O 

m 

CM 

II 

_ 

20 

250 




Tj = 125°C 

— 

100 

1000 

pA 



Vds = 400 V, Vqs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 1.5 A 

- 

1.65 

1.8 

Q 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 3A 

2.1 

2.5 

- 

S 

Input Capacitance 

Cjss 

Vgs = 0 V 

- 

300 

500 


Output Capacitance 

Coss 

Vds = 25 V 

- 

50 

80 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

- 

35 

60 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

15 

20 


(ton “ tcl(on) T tr) 

tr 

Id - 2.5 A 

- 

40 

60 

ns 

Turn-Off Time W 

td(off) 

Vgs = 10 V 

Rgs = 50 f) 

- 

50 

65 

(toff — td(off) T tr) 

tr 

- 

30 

40 


Thermal Resistance, Junction-to-Case 

R^jc 


<3.1 

°C/W 

Thermal Resistance, Junction-to-Ambient 

R^ja 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25°C 

- 

- 

3 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

12 


Diode Forward Voltage 

VsD 

If == 2 X Idr 

VGs = 0V.Ti = 25°C 

- 

1.1 

1.4 

V 

Reverse Recovery Time 

trr 

Tj = 25°C, If = Idr 

- 

300 

- 

ns 

Reverse Recovered Charge, 

Qrr 

diF/dt = 100 A/yus, Vr = 100 V 

- 

2.5 

- 

pC 



DRAIN-TO-SOURCE VOLTAGE (Vos) — V 
Fig. 1 - Maximum safe operating areas for all types. 
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BUZ76 



0 50 100 150 

CASE TEMPERATURE (Tc) —°C 
Fig. 2 - Power vs. temperature derating curve for all types. 



Fig. 3 - Normalized gate threshold voltage ^s a function 
of junction temperature for all types. 



Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 



Fig. 6 - Typical output characteristics. 


Fig. 5 - Typical transfer characteristics for all types. 



DRAIN CURRENT (Id) — A 

Fig. 7 - Typical transconductance vs. drain current. 
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N-CHANNEL 
POWER MOSFETs 


















BUZ76 



Fig. 8 - Typical on-resistance vs. drain current. 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 



Fig. 10 - Maximum drain current vs. case temperature. 


Fig. 11 - Typical source-drain diode forward voltage. 



Fig. 12 - Maximum effective transient thermal impedance, junction- 
torcase vs. pulse duration. 



TOTAL GATE CHARGE (Qg) — nC 
Fig. 13 - Typical gate charge vs. gate-to-source voltage. 






















© HARRIS £ 1/2 76A 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistor 


Features 

• 2.6A, 400V 

• fDSCon) = 2.5n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 


o 


• SOURCE 

• DRAIN 


=>GATE 


Description 


The BUZ76A is an n-channel enhancement-mode silicon-gate 
power field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This type can be 
operated directly from integrated circuits. 

The BUZ76A is supplied in the JEDEC TO-220AB plastic package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage... 

.Vds 

BUZ76A 

400 

UNITS 

V 

Drain-Gate Voltage (Rqs “ 20kri). 

.VdgR 

400 

V 

Continuous Drain Current 

Tc = +30OC. 

. *D 

2.6 

A 

Pulsed Drain Current 

Tc = +250C. 

.^DM 

10 

A 

Gate-Source Voltage . 

.Vqs 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

40 

W 

Operating and Storage Junction Temperature Range. 

.Tj.TstG 

-55 to +150 

OC 

DIN Humidity Category - DIN 40040 . 

lEC Climatic Category - DIN lEC 68-1.. 


E 

55/150/56 




CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications BUZ76A 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 


MIN. 

TYP. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Vgs = 0 V 

Id = 0.25 mA 

400 

- 

- 

V 

Gate-Threshold Voltage 

Vesttht 

Vds — Vgs 

Id = 1 mA 

2.1 

3 

4 


Zero-Gate Voltage Drain Current 

loss 

Tj = 25‘‘C 

— 

20 

250 




Tj=125°C 


100 

1000 

M 



Vds = 400 V, Vgs = 0 V 





Gate-Source Leakage Current 

loss 

Vgs = 20 V 

Vds = 0 V 

- 

10 

100 

nA 

Drain-Source On Resistance 

rDS(on) 

Vgs = 10 V 

Id = 1.5 A 

- 

2.2 

2.5 

Q 

Forward Transconductance 

Qfs 

Vds = 25 V 

Id = 1.5 A 

2.1 

2.5 

- 

S 

Input Capacitance 

Ciss 

> 

o 

II 

J 

- 

300 

500 


Output Capacitance 

Coss 

Vds = 25 V 

- 

50 

80 

PF 

Reverse Transfer Capacitance 

Crss 

f == 1 MHz 

- 

35 

60 


Turn-On Time ton 

td(on) 

Vcc = 30 V 

- 

15 

20 


(ton — td(on) ~l" tr) 

tr 

Id = 2.4 A 

- 

40 

60 

ns 

Turn-Off Time W 

tdfoff) 

Vgs = 10 V 

Rgs — 50 n 

- 

50 

65 

(toff — tdtofff + tr) 

tr 

_Z_I 

30 

40 


Thermal Resistance, Junction-to-Case 

R^jc 


<3.1 

°C/W 

Thermal Resistance, Junction-to-Ambient 

Raja 


<75 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

TYP. 

MAX. 

Continuous Reverse Drain Current 

Idr 

Tc = 25°C 

- 

- 

2.6 

A 

Pulsed Reverse Drain Current 

Idrm 

- 

- 

10 


Diode Forward Voltage 

VsD 

If = 2 X Idr 

Vgs = 0 V, Tj = 25 °C 

- 

1.1 

1.4 

V 

Reverse Recovery Time trr 

Tj = 25°C, If = Idr 

- 

300 

- 

ns 

Reverse Recovered Charge 

Qrr 

diF/dt = 100 A//JS, Vr = 100 V 

- 

2.5 

- 

aC 



Fig. 1 - Maximum safe operating areas for all types. 
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August 1991 


IRF120, IRF121 
IRF122, IRF123 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 8.0A and 9.2A, 80V - 100V 

• rDS{on) = 0.27n and 0.360 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

^(FLANGE) 


Description 

The IRF120, IRF121, IRF122, and IRF123 are n-channel 'T’erminai Diagram 
enhancement-mode silicon-gate power field-effect transistors 

designed for applications such as switching regulators, N-CHANNEL ENi 

switching converters, motor drivers, relay drivers, and drivers 

for hlgh-power bipolar switching transistors requiring high 

speed and low gate-drive power. These types can be operated 

directly from integrated circuits. 

The IRF types are supplied In the JED EC TO-204AA steel j | t 

package. v 


N-CHANNEL ENHANCEMENT MODE 


Continuous Drain Current 

Tq = +250C. 

Tc = +100OC. 

Pulsed Drain Current (3).. 


Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figures 14 and 15, L = 10OjiH) 

Operating and Storage Junction.Tj, TstG 

Temperature Range 

Maximum Lead Temperature for Soldering.T|_ 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj =» +25OC to +150OC. 

2. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 

3. RepetKive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


Unless Otherwise Specified 





IRF120 

IRF121 

IRF122 

IRF123 

UNITS 

■ Vds 

100 

80 

100 

80 

V 

Vdgr 

100 

80 

100 

80 

V 

...Id 

9.2 

9.2 

8.0 

8.0 

A 

...Id 

6.5 

6.5 

5.6 

5.6 

A 

• ••dm 

37 

37 

32 

32 

A 

• Vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

60 

60 

60 

60 

W 


0.4 

0.4 

0.4 

0.4 

W/OC 

• • Ilm 

32 

32 

28 

28 

A 

j.tstg 

-55 to+175 

-55 to+175 

-55 to+175 

-55 to+175 

OC 

.... Tl 

300 

300 

300 

300 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF120, IRF121, IRF122, IRF123 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 
IRF120,IRF122 

BVpss 

VGS = 0V,lD = -250jiA 

IRF121,IRF123 



Gate Threshold Voltage 

EBBHHl 

Vds = Vgs- 'd = “250ma 

Gate-Source Leakage Forward 

'GSS 

Vgs = 20V 

Gate-Source Leakage Reverse 

•gss 

Vgs =’20V 

Zero Gate Voltage Drain Current 

•dss 

Vqs = Max Rating, Vgs ~ OV 



Vds = Max Rating x 0.8, Vgs ~ OV, 

Tj = +150OC 

On-State Drain Current (Note 2) 

IRF120,IRF121 

•d(ON) 

Vds > ‘D(0N) X rDS(ON) Max. Vgs = 10V 

IRF122,IRF123 



Static Drain-Source On-State 
Resistance (Note 2) 

IRF120,IRF121 

•■DSfON) 

VgS = 10V,Id = 5.6A 

1RF122.IRF123 



Forward Transconductance (Note 2) 

Sts 

Vds > bfON) X rDS(ON) Max. 'D = 5.6A 

Input Capacitance 

C|SS 

Vgs = OV, Vps = 25V,f = 1 .OMHz 

Output Capacitance 

Coss 

See Figure 10 

Reverse Transfer Capacitance 

Crss 


Turn-On Delay Time 


Vdd = 50V, Ip = 9.2A, rd = 5.1 IT, Rg = 180 

Rise Time 


See Figure 16. (MOSFET switching times 

£irA PQCAnfiallw inrlADAnHAnt of ooomfinri 

Turn-Off Delay Time 

^d(OFF) 

cii Ks woocri luciiiy ii ivjwiil wi ciui im 

temperature) 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 




Vgs == 10V, Ip = 5.6A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

>S 

Pulse Source Current 
(Body Diode) (Note 3) 

'SM 

Diode Forward Voltage (Note 2) 

VsD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tc = +250C, Is = 9.2A, Vqs = OV 


Tj = +250C, Ip 9.2 A, dlp/dt = 100A/)iS 


Tj = +250C, Ip = 9.2 A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq. 


MAX UNITS 






OC/W 


OC/W 


30 I OC/W 





NOTES: 

1. Tj = +25OC to +150^0 

2. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width linnited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5) 
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[RF120, IRF121, IRF122, IRF123 




■ 

■ 


■a 

■■■ 
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wm 
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■Pil 
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m 

fjm 
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■ 

■1 

■ 

■n 

BBHI 


Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 



SSS!!!!!I 


: NOTES: 

-1. DUTY FACTOR. D-t^/tg 
- 2. PEAK Tj-Pdm X Zthjc + Tc 




■3 10‘2 


tj. RECTANGULAR PULSE DURATION (SECONDS) 

FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE vs PULSE DURATION 
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mF120. IRF121. IRF122, IRF123 
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IRF120. IRF12h IRF122, IRF123 



BOfS 

PULSE T 

1 1 

EST 






































Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 




C5 50 75 100 125 150 175 

IQ. CASE TEMPERATURE CO 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Vgs=20V 



Ei= O.SBVdss Ec= 0.75BVdss 


— tp-H 
•l 


|\ Ei 


FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 15. CLAMPED INDUCTIVE WAVEFORMS 


PULSE WIDTH < 1;i.S 
DUTY FACTOR < 0.1% 



CURRENT 

REGULATOR 


12 V 10.2 J_50 * 

BATTERY'i^F 


.-CIO' 


—o + Vds 
(ISOLATED 
SUPPLY) 

L SAME 
ITYPE 
' AS DUT 


IG CURRENT Ip CURRENT 
SHUNT “ SHUNT 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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® HAFRRIS mF130/131/132/133 

IRF130R/131R/132lt/133R 

N-Channel Power WIOSFETs 
May 1992 Avalanche Energy Rated* 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 1566.2 
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IRF730. IRF13 /, IRF132, IRF133 IRF130R, IRF131R, /RFf32R. IRF133R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF130/132, IRF130R/132R 


IRF131 /133, IRF131R/133R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF130/131,IRF130R/131R 


IRF132/133, IRF132R/133R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF130/131, IRF130R/131R 


IRF132/133, IRF132R/133R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250|jA 


VdS = VgS. Id = 250mA 


'GSS Vgs = 20V 


IGSS Vgs = -20V 


loss Vps = Max Rating, Vgs = QV _ 

Vds = Max Rating x 0.8, Vgs “ ^V, 

Tj = +1250C 


«D(ON) Vds > •D(0N) x rDS(ON) Max. VgS = 1 0V 


'■DS(ON) Vgs = 10V, Ip = 8.3A 


VdS>50V,Id = 8.3A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 


See Figure 10 


Vdd = 50V, Id = 1 4A, Rg = 1 2Ci 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 14A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between Modified MOSFET 
the contact screw on symbol showing the 
header that is closer internal device 
to source and gate Inductances, 
pins and center of o D 

center of die. 

Measured from the / | i \ 

source lead, 6mm G { 1 1 

(0.25") from header 
and source bonding 
pad. 


R0JC 


RqCS Mounting surface flat, smooth and greased 


BQJA sir operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +250C, Is = 14A, Vgs = OV 


Tj = +250C, Ip = 14A, dlp/dt = 10OA/fis 


Tj = +250C, Ip = 5.5A, dip/dt = lOOA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 



4.0 

V 

100 

nA 

-100 

nA 

250 

pA 

1000 

fiA 



1.9 OC/W 


oc/w 


30 I oC/W 


■■ 


NOTES: 1. Tj * +250C to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V. Start Tj = +250C, L = 380(iH, 

2. Pulse Test: Pulse width < 300jiS, 

junction temperature. See Transient Thermal 

Rqs 

= 250, IpEAK = 145A (See Figure 15) 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 
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IRFT30, !RF13h IRF132, IRF133 IRF130R, !RF131R, IRF132R, /RF133R 



Vqs- DRAIN-TO-SOURCe VOLTAGE (VOLTS) Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



Vqs. DRAIN-TO-SOURCE VOLTAGE (VOLTS) ' Vgg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



tj. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE. JUNCTlON-TO-CASE vs PULSE DURATION 




























































IRF130, IRF131, /RF132, IRF733 IRF130R, IRF131R, IRF132R, IRF133R 
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IRF130, IRF131, IRF132, IRF133 IRF130R, IRF131R, IRF132R. IRF133R 



Iq. drain current (AMPERES) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


Ec 





—Vds 


■l 

I 





\ 

1 

E1 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 



FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


^^D$S 





-^Vds 

IL 

-^ 

\ 



L_ 




FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


T 

Vgs= 10V 


PULSE WIDTH < 1;iS 
DUTY FACTOR < 0.1% 



“ Vdd 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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® HAJRRIS mF140/141/142/143 

inF140R/141R/142R/143R 

N-Channel Power IVlOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 28A and 25A, 80V - 100V 

• rDS(on) = 0.077n and O.IOH 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-204AE 
BOTTOM VIEW 



Description 


The IRF140, IRF141, IRF142, and IRF143 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF140R, IRF141R, IRF142R, and IRF143R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MOPE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRF140 

IRF140R 

IRF141 

IRF141R 

IRF142 

IRF142R 

IRF143 

IRF143R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

100 

80 

100 

80 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1 ) ... 

• •••Vdgr 

100 

80 

100 

80 

V 

Continuous Drain Current 

Tc = +250C... 

. Id 

28 

28 

25 

25 

A 

Tc = +100OC. 

. 'd 

20 

20 

17 

17 

A 

Pulsed Drain Current (3). 

. Idm 

110 

110 

100 

100 

A 

Gate-Source Voltage .. 

..... Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Inductive Current, Clamped. 

.Ilm 

108 

108 

96 

96 

A 

(See Figure 14, L=100|iH) 

Single Pulse Avalanche Energy Rating (4). 

. ^as* 

100 

100 

100 

100 

mJ 

Operating and Storage Junction. 

• Tj,TstG 

-55 to+175 - 

■55 to+175 

-55 to+175 

-55 to+175 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” {1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC. 

2. Pulse Test: Pulse width < 300|js, Duty Cycle ^ 2%. 


4. Vdd = 

•peak = 

25V, starting Tj = -(-2500, 
28A. See Figure 15. 

L = 190mH, 

Rqs = 250, 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


I 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjlg |\jumb 0 r 2306 1 

Copyright © Harris Corporation 1991 
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IRF140, IRF141, IRF142, IRF143 /RF140R, IRF141R, IRF142R, /RF143R 


Electrical Characteristics Jq = +25oc, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF140/142, IRF140R/142R 


IRF141/143, IRF141R/143R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF140/141,IRF140R/141R 


IRF142/143, IRF142R/143R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF140/141, IRF140R/141R 


IRF142/143, IRF142R/143R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


BVdSS Vqs = OV, Id = 250pA 


VdS = VgS. lD = 250|iA 


«GSS Vgs = 20V 


•GSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV _ 

Vqs = Max Rating x 0.8, Vgs ~ OV, 
Tj*+1250C 


•D(0N) Vds > Id(ON) X rDS(ON) Max» Vqs = 1 0V 


''DS(ON) Vgs = 10V,Id = 17A 


VdS>50V,Id = 17A 


Vgs = OV, Vds = 25v, f = i .omhz 
S ee Figure 10 


Vdd = 50V, Id = 28A, Rg = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = OV, Ip = 28A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0CS Mounting surface flat, smooth and greased 


R0JA Free air operation 






1.0 OC/W 


OC/W 


30 I OC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

Vr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


■■ 


Tj = +250C, Is = 28A, Vgs = OV 


Tj = +250C, Ip = 28A, dlp/dt == 10OA/ps 


Tj = +250C, Ip = 6.5A, dip/dt = lOOA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld* 


NOTES: 1. Tj = +250C to +^50^C 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 25V, Start Tj = +250C, L * 190|iH. 
Rqs “ 250, ipEAK ~ 28A (See Figure 15) 
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IRF140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R. IRF143R 
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fRF140, IRF141, IRF142, IRF143 IRF140R, IRF141R, IRF142R, IRF143R 



FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 160 180 


Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



Vq2. DRAIN-TO-SOURCE voltage (VOLTS) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 



Vgjj. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



o.ol - 1 - 1 - 1_I_I_ I I » I 65 -’I 

-60 -40 -20 0 20 40 60 80 100 120 140 160 180 


Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF140, IRF141, IRF142. IRF143 IRF140R, IRF141R. IRF142R, IRF143R 


80 hS 

PULSE TEST 

1 1 










































” 


MM 


■MM 


, J I I I I I I I 

■ 0 25 50 75 100 125 

Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 



25 50 75 100 125 150 175 

CASE TEMPERATURE CO 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Vgs=10V^^ 

Jl. 


Ei = O.SBVpss EC= 0.75BVDSS 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 
Er 


VARY tp TO OBTAIN 
REQUIRED PEAK II R^g 


T O.OSa rztr 





FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 



n 


BV 

tp 


— Vds 

* tp /^ 

«L 

1 /V 




u 

\ 


/ 


\ 

El 

/ 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


I— O + Vds 

CURRENT A (ISOLATED 

EGULATOR T SUPPLY) 


PULSE WIDTH < 1;i.S 
DUTY FACTOR < 0.1% 



12 V 10.2 J-50 * 
BATTERY 


G DUT 




IG CURRENT^ Id CURRENT 
SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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August 1991 


IRF150/151/152/153 
IRFI50R/151R/152R/153R 

N-Ghannel Power WIOSFETs 
Avalanche Energy Rated* 


Features 

Package 

1 TO-204AE 

• 33A and 40A, 60V - 100V 

• rDS{on) ~ O.OSSH and O.OSfl 

BOTTOM VIEW 

__DRAIN 

• Single Pulse Avalanche Energy Rated* 

SOUROb: y ivzi Awr'crx 

__ - V.y' (FLANGE) 

• SOA is Power-Dissipation Limited 


• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

GATE 

Description 


The IRFI 50, IRFI 51, IRF152, and IRFI 53 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 

Terminal Diagram 

tors. IRF150R, IRFI51R, IRF152R, and IRF153R types are 
advanced power MOSFETs designed, tested, and guaranteed 

N-CHANNEL ENHANCEMENT MODE 

to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 

D 

0 

for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 


The IRF types are supplied in the JEDEC TO-204AE steel 
package. 

6 

S 


Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




IRFI50 

IRFI51 

IRFI 52 

IRFI 53 




IRF150R 

IRF151R 

IRF152R 

IRF153R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

100 

60 

100 

60 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

. VdgR 

100 

60 

10 

60 

V 

tc = + 250 C. 

. >0 

40 

40 

33 

33 

A 

Tc = +100OC. 

. ‘d 

25 

25 

20 

20 

A 

Pulsed Drain Current (3). 

. Idm 

160 

160 

132 

132 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation (See Fig. 14). 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor..... 


1.2 

1.2 

1.2 

1.2 

W/OC 

Inductive Current, Clamped. 

.. ‘lm 

160 

160 

132 

132 

A 

(See Figure 14, L = 10OpH) 

Single Pulse Avalanche Energy Rating (4). 


150 

150 

150 

150 

mJ 

Operating and Storage Junction. 

.... Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

. Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = + 25 OC to +150OC. 

2. Pulse Test; Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


4. Vqo = 10V. starting Tj = +250C, L = 170fiH, Rqs = 500, 
•peak = 40A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1824.1 
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[RF150, [RF15h IRF152, IRF153 IRF150R, IRF151R, IRF152R, IRF153R 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


SYMBOL 


BVdsS 



CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF150/152, IRF150R/152R 


1RF151 /153, IRF151R/153R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


■icgffSSff 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF150/151, IRF150R/151R 


IRF152/153, IRF152R/153R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF150/151,IRF150R/151R 


IRF152/153, IRF152R/153R 


Forward Transconductance (Note 2) gfs 


Input Capacitance C|SS 


Output Capacitance CqsS 


Reverse Transfer Capacitance CrsS 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time tcj(OFF 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


TEST CONDITIONS 


Vgs = OV, Id = 250mA 


VdS = VgS» b = 250 mA 


Vgs = 20V 


Vgs = “20V 


VdS = Max Rating, Vqs = OV 


Vqs = Max Rating x 0.8 , Vqs - OV, 
Tj = +1250C 


VdS > •D(ON) X rDS(ON) Max» Vgs = 10V 


Vgs = 10V,Id = 20A 


VdS > Id(ON) X roSfON) Max» b = 20A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
S ee Figure 10 




Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

ld 

Internal Source Inductance 

LS 

Junction-to-Case 

R0JC 

Case-to-Sink 

R0CS 

Junction-to-Ambient 

R0JA 


Vdd - 24V, Id = 20A, Zq = 4.7n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = OV, Ip = 50A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 



Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 40A, Vqs = OV 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 40A, dlp/dt = lOOA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 5.5A, dlp/dt = 100A/|iS 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300)iS, 
Duty Cycle < 2% 


3. Repetnive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
impedance Curve (Figure 5) 



= 10V, Start Tj 
' son, IpEAK * 
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IRF150. IRF151, IRF152. /RF153 IRF150R, IRF151R. IRF152R, IRF153R 
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0 10 20 30 40 50 

Vos, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



0 1 2 3 4 5 6 7 8 

Vqs. GATE'TO SOURCE voltage (VOLTS) 

FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



0 0 4 0 8 1 2 1.6 2.0 


Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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IRFISO, IRF151, IRF152, IRF153 IRF150R, IRF151R, /RF152R, IRF153R 




VqS > *0(00) * f'OS(on) max. - 

I I I I 

\ - 8n„jPUlSE TEST -- 


10 20 30 40 50 



Iq. drain current (AMPERES) 


VsQ. SOURCE TO DRAIN VOLTAGE (VOLTS) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



-40 0 40 80 120 160 

Tj. JUNCTION TEMPERATURE |OCl 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



Tj. JUNCTION TEMPERATURE (OC) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



Vos « 50Vs. 
I I I L 

Vo» = eOV. IRF150R. 152R . 


IO»50A 

-FOR TEST CIRCUIT- 
SEE FIGURE tB 


Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


0,. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF150, IRF151. IRF152. IRF153 IRF150R, IRF151R, IRF152R, IRF153R 



iQ. drain current (AMPERES) Tq. CASE TEMPERATURE (»C) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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® HARRIS IRF220, mF221 

IRF222, IRF223 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 4.0A and 5.0A, 150V - 200V 

• •'DS{on) = O-Sn and 1.20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 
« High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 

BOTTOM VIEW 



Description 


The IRF220, IRF221, IRF222, and IRF223 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = 20kn) (1). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tq = 4-250C (See Figure 14). Pd 

Linear Derating Factor {See Figure 14). 

Inductive Current, Clamped. Ilm 

(See Figures 14 and 15, L = 10OpH) 

Operating and Storage Junction.Tj, Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering.T|_ 

(0.063” (1.6mm) from case for 10s) 


NOTES; 

1. Tj = +25OC to +150OC. 

2. Pulse Test: Pulse width < 300)iS, Duty Cycle ^2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


IRF220 

IRF221 

IRF222 

IRF223 

UNITS 

200 

150 

200 

150 

V 

200 

150 

200 

150 

V 

5.0 

5.0 

4.0 

4.0 

A 

3.0 

3.0 

2.5 

2.5 

A 

20 

20 

16 

16 

A 

±20 

±20 

±20 

±20 

V 

40 

40 

40 

40 

W 

0.32 

0.32 

0.32 

0.32 

W/OC 

20 

20 

16 

16 

A 

-50 to+150 

-50 to+150 

-50 to +150 

-50 to+150 

OC 

300 

300 

300 

300 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1567.1 
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Specifications IRF220, IRF221, IRF222. IRF223 


Electrical Characteristics @Tq = 25 (Unless Otherwise Specified) 


I Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain - Source Breakdown Voltage 

IRF220 

IRF222 

200 

- 

- 

V 

Vqs = OV 




IRF221 

IRF223 

150 

- 


V 

Iq = 250>tA 


VQSIth) 

Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = '^GS' 'D = 250mA 

IqSS 

Gate-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

'gss 

Gate-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vqs = -20V 

•dss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vqs = Max. Rating, Vqs 

= OV 



- 

- 

1000 

nA 

Vqs = Max. Rating x 0.8, 

Vqs = OV, Tc = 125‘'C 

iD(on) 

On-State Drain Current © 

IRF220 

IRF221 

5.0 

_ 

- 

A 

''dS ’> 'D(on) '^DS(on) it 

ax.' Vqs - 10V 



IRF222 

IRF223 

4.0 

- 

- 

A 

Rosion) Static Drain-Sourc&On-State 
Resistance © 

IRF220 

IRF221 

- 

0.5 

0.8 

0 

Vqs = lOV, Iq = 2.5A 



IRF222 

IRF223 

- 

0.8 

1.2 

Q 

gfs 

Forward Transconductance © 

ALL 

1.3 

2.5 

- 

S(0) 

'^DS ^ 'D(on) * *^DS(on) max.' 'd = 2.5A 

^iss 

Input Capacitance 

ALL 

- 

450 

— 

PF 

Vqs = OV, Vqs = 25V, f 
See Fig. 10 

= 1.0 MHz 

Coss 

Output Capacitance 

ALL 

- 

150 

— 

pF 

Crss 

Reverse Transfer Capacitance 

ALL 

- 

40 

. — 

pF 


^d(onl 

Turn-On Delay Time 

ALL 

- 

20 

40 

ns 

Vqq = 0.5 BV^gg, Iq = 

2.5A, Zq = 50n 

I tf Rise Time 

ALL 

- 

30 

60 

ns 

See Fig. 17 


^d(off) 

Turn-Off Delay Time 

ALL 

- 

50 

100 

ns 

(MOSFET switching times 

are essentially 


Fall Time 

ALL 

- 

30 

60 

ns 

independent of operating temperature.) 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

ALL 

- 

11 

15 

nC 

Vqs = 10V, Iq = 6.0A, Vq 5 = 0.8 Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 

Qgs 

Gate-Source Charge 

ALL 

- 

5.0 

- 

nC 

independent of operating temperature.) 

Qgd 

Gate-Drain ("Miller") Charge 

ALL 

- 

6.0 

- 

nC 



Lq 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

D 

LS 

Internal Source Inductance 

ALL 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 

■#. 

S 


Thermal Resistance 


RthJC 

Junction-to-Case 

ALL 

- 

- 

3.12 

'>C/W 


RthCS 

Case-to-Sink 

ALL 

- 

0.1 

- 

"’C/W 

Mounting surface flat, smooth, and greased. 

fIthJA 

Junction-to-Ambient 

ALL 

- 

- 

30 

°c/w 

Free Air Operation 


Source-Drain Diode Ratings and Characteristics 


Is Continuous Source Current 

(Body Diode) 

IRF220 

IRF221 

- 


5.0 

A 

Modified MOSFET symbol 
showing the integral 

reverse P-N junction rectifier. ^ 

•J# 

S 

IRF222 

IRF223 

- 

- 

4.0 

A 

'SM Pulse Source Current 

(Body Diode) (D 

IRF220 

IRF221 

- 

- 

20 

A 

IRF222 

IRF223 

- 

- 

16 

A 

VsQ Diode Forward Voltage © 

IRF220 

IRF221 

- 

- 

2.0 

V 

Tq = 25‘’C, Ig = 5.0A, Vgg = OV 

IRF222 

IRF223 

- 

- 

1.8 

V 

Tc = 25«>C, Ig = 4.0A, Vgg = OV 

tff Reverse Recovery Time 

ALL 

- 

350 

- 

ns 

Tj = 150°C, Ip = 5.0A, dip/dt = lOOAZ/is 

Qrr Reverse Recovered Charge 

ALL 

- 

2.3 

- 

fiC 

Tj = 150»C, Ip = 5.0A,dlp/dt = lOOA/^s 

'on Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. | 


®Tj = 25°C to 150°C. ©Pulse Test: Pulse width < 300f<s, Duty Cycle ^ 2%. ® Repetitive Rating: Pulse width limited 

by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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IRF220, IRF221. IRF222. IRF223 



0 20 40 60 80 too 

Vqs, drain to source voltage (VOLTS) 

Fig. 1 — Typical Output Characteristics 



0 2 4 6 8 10 


Vqs, drain to source voltage (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



Vgs. gate to source voltage (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



1.0 2 5 10 20 50 100 200 500 

Vqs, drain TO-SOURCE voltage (VOLTS) 

Fig. 4 — Maximum Safe Operating Area ' 
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bvdss. drain to source breakdown voltage 


IRF220. IRF221. IRF222. IRF223 




0 12 3 4 

VsQ. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



-40 0 40 80 120 160 


Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 




0 4 8 12 16 20 

Qg. TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF220. IRF221, IRF222, /RF223 



0 5 10 15 20 



lO, DRAIN CURRENT (AMPERES! 


Tc, CASE TEMPERATURE (®C) 


Fig. 12 — Typical On-Resistance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case Temperature 



0 20 40 60 80 100 120 140 

Tc. CASE TEMPERATURE (OC) 


Fig. 14 — Power Vs. Temperature Derating Curve 




Fig. 15 — Clamped Inductive Test Circuit Fig. 16 — Clamped Inductive Waveforms 




Fig. 18 — Gate Charge Test Circuit 
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^ HARRIS IRF230/231/232/233 

IRF230R/231R/232R/233R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 8.0A and 9.0A, 150V - 200V 

• »'DS(ori) = 0.4(1 and 0.6(1 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 



Description 


The 1RF230, 1RF231, IRF232, and IRF233 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. !RF230R,/1RF231R, IRF232R and 1RF233R types are ad¬ 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown ava¬ 
lanche mode of operation. All of these power MOSFETs are de¬ 
signed for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings {Iq = +25^C) Unless Otherwise Specified 




IRF230 

IRF230R 

IRF231 

IRF231R 

IRF232 

IRF232R 

IRF233 

IRF233R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = 20ka) (1). 

Continuous Drain Current 

••••VdGR 

200 

150 

200 

150 

V 

Tc = +250C. 

.Id 

9.0 

9.0 

8.0 

8.0 

A 

Tc = +100OC. 

. Id 

6.0 

6.0 

5.0 

5.0 

A 

Pulsed Drain Current (3).. 

.Idm 

36 

36 

32 

32 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

75 

75 

75 

75 

W 

Linear Derating Factor. 


0.6 

0.6 

0.6 

0.6 

W/OC 

Inductive Current, Clamped. 

(See Figure 14, L = 10OjiH) 

.Ilm 

36 

36 

32 

32 

A 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

150 

150 

150 

150 

mj 

Operating and Storage Junction. 

Temperature Range 

• Tj.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

.Tl 

300 

300 

300 

300 

OC 

1. Tj = +250C to+150OC. 

2. Pulse Test: Pulse width < 300|as, Duty Cycle _< 2%. 


4. Vqd = 20V. starting Tj 
See Figure 15. 

= +25OC, L = 3.37mH. Rqs = 50n, IpgAK = 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 1568 1 

Copyright © Harris Corporation 1991 
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IRF230, [RF23 /, IRF232, /RF233 IRF230R, /RF231R, IRF232R, IRF233R 



Electrical Characteristics Jc - 250c, Unless Otherwise Specified 


CHARACTERISTIC 


IRF231 /233, IRF231R/233R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF230/231, IRF230R/231R 


IRF232/233, IRF232R/233R 


Static Drain-Source On-State 
Resistance (Note 2) 
iRF230/231,1RF230R/231R 


IRF232/233, iRF232R/233R 


Forward Transconductance (Note 2) 


Input Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 
Gate-Source Charge 
Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current Is 

(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 


Reverse Recovered Charge 


Forward Turn-on Time 


toN Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq. 


NOTES: 1. Tj = +25^0 to +150^0 

2. Pulse Test: Pulse width < 300ms, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 20V, Start Tj = +250c, L = 3.37mH, 
f^GS “ SOD, IpEAK ~ 9A (See Figure 15) 
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Z,hJC<t>/RthJC- normalized effective transient 


IRF230. IRF231, /RF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 



Vo$, drain TO SOURCE VOLTAGE (VOLTS) 
Fifl. 1 — Typical Output Characteristics 



0 1 2 3 4 5 6 7 

Vgs. GATE to source VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4 5 

Vqs. DRAIN to source VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



Vqs, drain TO SOURCE voltage (VOLTS) 

Fig. 4 — Maximum Safe Operating Area 



Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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BVqsS DBA'N to source breakdown voltage 


IRF230, IRF231. /RF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 



J 



d 





_ 

I 

2 










r 

J 

_j 



V 

1 ^ 

OS > '0(onl 

1 1 1 

* Bos(on) mi 

■X. 






n 

1 1 1 

lOiiS PULSE TE 

1 1 1 

r ! 

ST 

r 


mM 


iSBKiil 


lO, DRAIN CURRENT (AMPERES) 

Fig. 6 - Typical Transconductance Vs. Drain Current 


VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 







> 

















A 











_1 

1 

1 

Vc 

1 

JS=J 

1_i 

V 






. ! 


•o 

= 3.5A 












Tj. JUNCTION TEMPERATURE CC) 

Fig. 8 - Breakdown Voltage Vs. Temperature 


Tj, JUNCTION TEMPERATURE (®C) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 


■ Cia - C^ + C^, Cd, SHORTED" 
_ * Cgd 

»Cd, + Cjd 


= loovr 

1 I I N 

Vos = 160V, IRF230R, 232R - 


- 

Id = I 


I FOR TEST CIRCUIT J 
T " SEE FIGURE 18 1 


Vqs. drain to source voltage (VOLTS) 

Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 


Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF230. IRF23 /, /RF232, IRF233 IRF230R, IRF231R, IRF232R, IRF233R 


■■ 

■ 

■ 

RH 


n 

■ 

1 

■ 

■■ 

mm 

■ 

■ 

mmmm 

■■ 

■ 

■ 

■■ 

■I 

■■ 

■ 

mem 

mm 

jgpuiiiii 




■IH 

























■Os., 



r r 1 1 

IRF230, IRF231 







5 

K 






inricoj 

IRF232R, IRF233R ^ 

1 _^_ 1 _!_ 

Ss 

N 










N 

5 





















N 











\ 










n 



0.5BVDSS 0.76 BVdsS 

FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


• Vdd 90V 
M5.5n 


F= 1kHz 
= 1|i.S 


r~ . -O + Vds 

CURRENT X (ISOLATED 

regulatory SUPPLY) 


X 

1 

f 10.2 - 

-50 > T 


T-kA> -i 

-XJ 


Vo TO scope 


9 ( •◄-I 1 DUT 


Zo^15A 




IG CURRENT ^ Ip CURRENT 
SHUNT — SHUNT 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pj|g (SJurnber 2208.2 

Copyright © Harris Corporation 1992 
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Specifications SRF234, IRF235, iRF236, IRF237 


Electrical Characteristics Tq - 250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

HBI 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRF236,IRF237 

BVdSS 

Vqs = OV, Id = -250pA 

275 

_ 

_ 

m 

IRF234, IRF235 

250 

- 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VdS “ Vqs. Id = -250pA 

2.0 

- 

4.0 

V 

Gate-Source Leakage Forward 

•gss 

Vqs = 20V 

- 

- 

100 

nA 

Gate-Source Leakage Reverse 

•gss 

Vqs = 20V 

mam 

- 

-100 

nA 

Zero Gate Voltage Drain Current 

•dss 

VdS = Max Rating, Vqs = OV 

mam 


250 

pA 

Vds = Max Rating x 0.8, Vqs = OV, 

Tj = +1250C 


" 

1000 

pA 

On-State Drain Current (Note 2) 
IRF234,IRF236 

•D(0N) 

Vds > «D(0N) X rDS(ON) Max. VqS = “• OV 

8.1 

- 

- 

A 

IRF235,IRF237 

6.5 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 

IRF234, IRF236 

''DS(ON) 

Vqs = 10V, Id = 4.1 A 

■ 

0.32 

0.45 

Cl 

IRF235,IRF237 

- 

0.48 

0.68 

fl 

Forward Transconductance (Note 2) 

9ts 

VdS = 2XVgsJd = 4.1A 

2.9 

4.3 

- 

S(W 

Input Capacitance 

ClSS 

Vqs = OV, Vds = 25v, f = i .omhz 

See Figure 10 

- 

600 

“ 

PF 

Output Capacitance 

Coss 

- 

180 

- 

PF 

Reverse Transfer Capacitance 

CrsS 

- 

52 

- 

pF 

Turn-On Delay Time 


Vdd = 125V, Id = 8.i a, Rq = 1 2 a 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 

- 

9.1 

14 

ns 

Rise Time 

tr 

- 

23 

35 

ns 

Turn-Off Delay Time 

fd(OFF) 

- 

31 

47 

ns 

Fall Time 

tf 

- 

19 


ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vqs = 10V, Id = 8.1 A, Vds = O.S Max 

Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


24 

35 

nC 

Gate-Source Charge 

Qgs 

- 

5.1 

- 

nC 

Gate-Drain (“Miller”) Charge 

^gd 

- 

12 

- 

nC 

Internal Drain Inductance 

Ld 

Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


■ 

5.0 

1 

nH 

Internal Source Inductance i 

Ls 

Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 

■ 

12.5 

1 

nH 

Junction-to-Case 

R0JC 


- 

- 

1.67 

OC/W 

Case-to-Sink 

Rees 

Mounting surface flat, smooth and greased 

- 

0.1 

- 

OC/W 

Junction-to-Ambient 

R0JA 

Free air operation 

- 

- 

30 

oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


•s 


•SM 


Modified MOSFET 
symbol showing the 
integral reverse 
P“Njunc. rectifier. 



8.1 


32 


Diode Forward Voltage (Note 2) 


VSD 


Tj = +250C, Is = 8.1 A, Vqs = OV 


2.0 


Reverse Recovery Time 


Tj = +250C, Ip = 8.1 A, dlp/dt = 100A/[is 


92 


180 


390 


Reverse Recovered Charge 


Qrr 


Tj = +250C, \f = 8.1 A, dip/dt = 1 OOA/ms 


0.63 


pC 


Forward Turn-on Time 


tON 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq- 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width ^SOOps, 
Duty Cycle <2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +250C, L = 4.5mH, 
FQS = 25n, IpEAK = 8TA 
(See Figures 14 & 15) 
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IRF234, IRF235, IRF236, IRF237 
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5V 



■■Ml 








4V 



0 25 50 75 100 125 

VdS. DRAIN-TO-SOURCE voltage (VOLTS) 


92GS-44087 

Fig. 1 - Typical output characteristics. 



Vqs. GATE-TO-SOURCE voltage (VOLTS) 

92GS-440aB 

Fig. 2 - Typical transfer characteristics. 



92GS-44089 


m 



Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



rectangular pulse duration (SECONDS) 

92GS-44091 


Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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Fig. 10- Typical capetcitance v$, drain-tQ-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 




































IRF234, IRF235, IRF236, IRF237 



Iq, drain current (AMPERES) Tq, CASE TEMPERATURE (X) 


Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 

Temperature 



Figure 14. Unclamped Energy Test Circuit Figure 15. Undamped Energy Waveforms 



FigurelB. Switching Time Test Circuit 


Figure 17. Gate Charge Test Circuit 
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^ HARRIS mF240/241/242/243 

IRF240R/241R/242R/243R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 16A and 18A, 200V, 150V 

• •'DS(o") = 0.1 Sfi and 0.22Q 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AE 
BOTTOM VIEW 



Description 


The IRF240, IRF241, IRF242, and IRF243 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF240R, IRF241R, IRF242R and IRF243R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings {Tq - +250C) Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

IRF240 

IRF240R 

200 

IRF241 

IRF241R 

150 

IRF242 

IRF242R 

200 

IRF243 

IRF243R 

150 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkH) (1). 

.VdGR 

200 

150 

200 

150 

V 

Continuous Drain Current 

Tq = +250C.. 

.Id 

18 

18 

16 

16 

A 

Tc = +100OC... 

.Id 

11 

11 

10 

10 

A 

Pulsed Drain Current (3). 

.Idm 

72 

72 

64 

64 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Inductive Current, Clamped. 

.Ilm 

72 

72 

64 

64 

A 

(See Figure 14, L = 100 ijH) 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

580 

580 

580 

580 

mj 

Operating and Storage Junction. 

.... Tj,TstG 

-55 to +150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25^0 to +150OC. 4. VpD = 50V, starting Tj = +250C, L = 2.7fnH, Rqs = 250, ipEAK “ 9A. 

2. Pulse Test: Pulse width < aOOjis, Duty Cycle < 2%. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg JsJumbar i 584.1 

Copyright © Harris Corporation 1991 
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IRF240, IRF24 /, IRF242, IRF243 IRF240R, IRF241R, IRF242R, IRF243R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF240/242, IRF240R/242R 


IRF241 /243, IRF241R/243R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current {Note 2) 
1RF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF240/241, IRF240R/241R 


IRF242/243, IRF242R/243R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fail Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 



BVdSS Vgs = 0V,Id = 250mA 


VdS = Vgs. lD = 250pA 


Vgs = 20V 


Vgs = -20V 


Vqs = Max Rating, Vgs = OV 


Vds = Rating x 0.8, Vgs = OV, 
Tj = +1250C 


Vds > •D(ON) X rDS(ON) Max. VqS = “I OV 


Vgs = 10V,Id = 10A 


Vds > ID(ON) X rDS(ON)Max. Id = OA 


Vgs = ov, Vds = 25 v, f = i .omhz 
See Figure 10 


Vqd = 10OV, \q = 18A, Rg = 9.1 a 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 1 ov. Ip = 18A, Vds = O-SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


R0JC 


R0CS Mounting surface flat, smooth and greased 


B0JA Free air operation 






Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 



Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +250C, Is = 18A, Vgs = OV 


Tj = +150OC, Ip = 18A, dlp/dt = 10OA/^s 


Tj = +150OC, If = 18A, dlp/dt = 100A/|iS 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq. 


■■ 





NOTES: 1. Tj = +25^0 to +150^0 

2. Pulse Test: Pulse width <300)iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 50V, Start Tj = +250C, L * 2.7mH, 
RqS “ 250, IpEAK ==18^ (See Figure 15) 


4-207 


N-CHANNEL 
POWER MOSFETs 

















































































































































Z,hjc(«)/RthJC. normalized effective transient 


IRF240. IRF241, IRF242. IRF243 IRF240R. IRF241R, IRF242R. IRF243R 



0 10 20 30 40 50 0 2 4 6 8 10 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) Vqs. GATE TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics Fig. 2 — Typical Transfer Characteristics 



Vqs, ORAIN TO-SOURCE voltage (VOLTS) Vqs. drain to source voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics Fig. 4 — Maximum Safe Operating Area 



ti, square wave PULSE DURATION (SECONDS) 

Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF240, IRF241, IRF242, JRF243 IRF240R, IRF241R, IRF242R, IRF243R 



Iq, drain current (AMPERES) Vso, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Tj, JUNCTION TEMPERATURE (OC) Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown Voltage Vi. Temperature Fig. 9 - Normaliied On-Resistance Vs. Temperature 



Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Qata Charge Vs. Gate-to-Source Voltaga 
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IRF240. IRF241, IRF242, IRF243 IRF240R. IRF241R, IRF242R, /RF243R 



Iq, DRAIN CURRENT (AMPERES) Tq. CASE TEMPERATURE (‘'O 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Ec 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 17. GATE CHARGE TEST CIRCUIT 


4-210 





IRF246, mF247 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features 

• 14A and 13A, 275V - 250V 

• •'DS(on) = 0.28n and 0.340 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 

• 275, 250V DC Rated - 120V AC Line System Operation 

Description 

The IRF244, IRF245, IRF246, and IRF247 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from Integrated circuits. 

The IRF types are supplied in the JED EC TO-204AA steel 
package. 


Package 


TO-204AA 
BOTTOM VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRF244 

IRF245 

IRF246 

IRF247 

UNITS 

Drain-Source Voltage (1 ). 

.Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs = 20kn) (1). 

Continuous Drain Current 

.Vdgr 

250 

250 

275 

275 

V 

Tq = +250C. 

.Id 

14 

13 

14 

13 

A 

Tc = +100OC. 

.Id 

8.8 

8.0 

8.8 

8.0 

A 

Pulsed Drain Current (3). 

.idm 

56 

52 

56 

52 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

. Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Single Pulse Avalanche Energy Rating (4). 


550 

550 

550 

550 

mJ 

Operating and Storage Junction. 

-Tj.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

oc 


{0.063” (1.6mm) from case for 10s) 

NOTES: 

1 . Tj = +25^0 to +150OC. 

2. Pulse Test: Pulse width < 300ms. Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


4. Vqd = 50V, Starting Tj = +250C, L = 4.5mH, Rq = 250, Peak II = 14A 
(See Figures 14 & 15). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications iRF244, /RF245, 1RF246, IRF247 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRF244,1RF245 

bvdss 

IRF246,IRF247 


Gate Threshold Voltage 


Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

'GSS 

Zero Gate Voltage Drain Current 

•dss 

On-State Drain Current (Note 2) 
IRF244, IRF246 

‘D(0N) 

1RF245,IRF247 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF244, IRF246 

'■DS(ON) 

1RF245.IRF247 


Forward Transconductance (Note 2) 

Sfs 

Input Capacitance 

C|SS 

Output Capacitance 

Coss 

Reverse Transfer Capacitance 

CrSS 

Turn-On Delay Time 

mil 

Rise Time 

tr 

BBSSHiilSBHaBi 

^(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

Qqd 

Internal Drain Inductance 

ld 

Internal Source Inductance 

LS 

J u ncti on-to- Case 

R0JC 

Case-to-Sink 

R0CS 

Junction-to-Ambient 

R0JA 


TEST CONDITIONS 


Vqs = OV, Id = 250pA 


VdS = Vqs. Id = 250}iA 


VgS = 20V 


Vqs = 20V 


Vqs = Max Rating, Vqs = OV 


Vds = Max Rating X 0.8, Vgs = OV, 
Tj = +1 250 c 


Vqs > Id(ON) X rDS(ON) Max» VgS = 10V 


VgS="10V,Id = 8A 


VdS>50V, Id = 8A 


Vqs = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 125V, Id = 14A, Rg = 9.1 H 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 14A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge Is essentially independent of 
operating temperature.) 


Measured from the 
source lead, 

6mm (0.25 in.) 
from package 
to center of 
die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

'S 

Modified MOSFET ^—J 

symbol showing the 

a 


- 

14 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / . | .. 

P-N junc. rectifier. G ( 

n 

- 

- 

56 

A 



i 





Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 14A, Vgs = OV 


- 

- 

1.8 

V 

Reverse Recovery Time 

frr 

Tj = +250C, Ip = 14A, dlp/dt = 10OA/fis 

150 

300 

640 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 14A, dlp/dt = 10OA/ps 

1.6 

3.4 

7.2 

nc 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

“ 

“ 


- 


NOTES: 1. Tj = +250C to +150*^0 3. Repetitive Rating: Pulse width limited by 4. Vqq = 50V, Starting Tj = +25‘^C, 

2. Pulse Test: Pulse width < aoOjis, maximum iunction temperature. See Transient L = 4.5mH, Rq = 250, Peak II = 14A 

Duty Cycle < 2%. Thermal Impedance Curve (Figure 5). (See Figures 14 & 15). 
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IRF244, IRF245, IRF246. tRF247 
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1 

4.0 V 


0 25 50 75 100 125 

Vds. DRAIN TO-SOURCE voltage (VOLTS) 

92GS-44104 


Fig. 1 - Typical output characteristics. 



Vqs- GATE-TO-SOURCE voltage (VOLTS) 

92GS-44105 

Fig. 2 - Typical transfer characteristics. 
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4.5V 
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_____ 
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1 

4.0 V 


0 2 4 6 8 10 

Vds- DRAIN-TO-SOURCE voltage (VOLTS) 


92GS-44106 



92GS-4410/' 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 




. rectangular pulse duration (SECONDS) 

92GS-44108 

Fig. 5 - Maximum effective transient thermal impedance, junction- 
to~case vs. pulse duration. 
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IRF244, IRF245. IRF246. IRF247 



Fig. 6 - Typical transconductance vs. drain current. 
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-60 -40 -20 0 20 40 60 80 100 120 140 160 


Tj, JUNCTION TEMPERATURE (X) 

92GS-44094 



92GS-44110 


Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



VdS> DRAIN-TO-SOURCE voltage (VOLTS) 

92GS-44112 



Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF244, /RF245, JRF246, JRF247 




Figure 12. Typical On Resistance vs Drain Current 


Figure 13. Maximum Drain Current vs Case 
Temperature 



Figure 14. Undamped Energy Test Circuit 


Figure 15. Undamped Energy Waveforms 




FigurelS. Switching Time Test Circuit 


Figure 17. Gate Charge Test Circuit 
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^ hHARRIS IRF250/251/252/253 

IRF250R/2S1R/252R/253R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 25A and 30A, 150V - 200V 

• •'DS(on) = 0.085fl and 0.120(1 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-204AE 
BOTTOM VIEW 



Description 


The IRF250, IRF251, IRF252, and IRF253 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF250R, IRF251R, IRF252R, and IRF253R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRF250 

IRF250R 

IRF251 

IRF251R 

IRF252 

iRF252R 

IRF253 

IRF253R 

UNITS 

Drain-Source Voltage (1). 

.VdS 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = SOkfl) (1 ) . 

• • • •Vdgr 

200 

150 

200 

150 

V 

Continuous Drain Current 

Tc = +250C. 

. Id 

30 

30 

25 

25 

A 

Tc = +100OC. 

. Id 

19 

19 

16 

16 

A 

Pulsed Drain Current (3).. 

.Idm 

120 

120 

100 

100 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Inductive Current, Clamped. 

.Ilm 

120 

120 

100 

100 

A 

(See Figure 14, L=100jiH) 

Single Pulse Avalanche Energy Rating (4). 


910 

910 

910 

910 

mj 

Operating and Storage Junction. 

• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +250C to +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 


4. Vdd 

IPEAK 

= 50V, starting Tj = +250C, 
= 30A. See Figure 15. 

L = 1.5mH, 

RqS = 25n, 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF250, IRF25h /RF252, IRF253 IRF250R, IRF251R, IRF252R, fRF253R 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF250/252, IRF250R/252R 


IRF251 /253, IRF251R/253R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF250/251, IRF250R/251R 


IRF252/253, IRF252R/253R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF250/251, IRF250R/251R 


IRF252/253, IRF252R/253R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


J u nction-to- Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250pA 


VdS = VgS. lD = 250pA 


VgS = 20V 


Vgs = -20V 


Vds = Max Rating, Vgs = OV 


VdS = Max Rating x 0.8, Vgs = OV, 
Tj = +1250C 


Vds > •d(ON) X rDS(ON) Max. Vgs = 1 0V 




''DS(ON) Vgs=10V,Id = 16A 


Vds>50V,Id = 16A 


Vgs = ov, Vds = 25v, f = i .omhz 
See Figure 10 




Vdd = 1 0 OV, Id « 30A, Rg = 6 . 2 a 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = ■> OV, Ip = 30A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0,25”) from header 
and source bonding 
pad. 


R0JC 


R0CS Mounting surface flat, smooth and greased 


JA Free air operation 






Source Drain Diode Ratings and Characteristics 


«s 


0.83 

OC/W 

- 

OC/W 

30 

oC/W 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 30A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 30A, dlp/dt = 10OA/jis 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 30A, dlp/dt = 100A/|JS 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



NOTES: 1. Tj = +250C to +1 SO^C 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +250C, L = 1.5mH, 
RqS ~ 250, IpEAK ~ (See Figure 15) 
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IRF250, IRF251. IRF252, IRF253 IRF250R, IRF251R, IRF252R, IRF253R 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



Vq3. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF250, IRF251, IRF252, IRF253 IRF250R. IRF251R, IRF252R, IRF253R 
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IRF250, IRF25h IRF252, /RF253 IRF250R, IRF251R, IRF252R, IRF253R 



l=^IGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 



bvdss 





^Vt>s 

•l 


\ 



1 / 

1/ 




FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF254, mF255 
IRF256, IRF257 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 22A and 20A, 275V - 250V 

• ^DS(on) = 0.14ri and 0.170 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275, 250V DC Rated - 120V AC Line System Operation 


Package 


TO-204AE 
BOTTOM VIEW 



Description 

The IRF254,1RF255, IRF256, and IRF257 are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRF types are supplied in the J ED EC TO-204AE steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq ~ + 250 C), Unless Otherwise Specified 




IRF254 

IRF255 

IRF256 

IRF257 

UNITS 

Drain-Source Voltage (1)... 

.Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

■■••VdGR 

250 

250 

275 

275 

V 

Tc “ + 25 OC. 

.Id 

22 

20 

22 

20 

A 

Tc = +100OC. 

.Ip 

14 

12 

14 

12 

A 

Pulsed Drain Current (3)... 

.Idm 

88 

80 

88 

80 

A 

Gate-Source Voltage ...... 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = + 25 OC. 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (4). 


1000 

1000 

1000 

1000 

mj 

Operating and Storage Junction. 

Temperature Range 

• Tj,TstG 

-55 to +150 

-55 to +150 

-55 to+150 -55 to+150 

OC 

Maximum Lead Temperature for Soldering .. 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

.Tl 

300 

300 

300 

300 

OC 

1. Tj - +25OC to +150^0. 

2. Puls© Test: Pulse width < SOOjiS, Duty Cycle < 2%. 


4. VpD = 50V, Starting Tj 
(See Figures 14 & 15). 

= +25OC, L = 

3.3mH, Rq = 250, Peak II = 22A 


3. Repetitive Rating: Pulse width limited dy maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ Number 2300.2 

Copyright © Harris Corporation 1991 
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Specifications IRF254, IRF255, 1RF256, tRF257 
Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF254,1RF255 


IRF256, IRF257 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF254,IRF256 


1RF255, IRF257 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF254JRF256 


1RF255.IRF257 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V.Id = 250ijA 


VgS(TH) Vds = VqS. *0 = 250mA 


•GSS Vgs = 20V 


•GSS Vgs = 20V 


IdSS ^DS ~ Rating, Vgs = OV 

Vds - Max Rating x 0.8, Vgs = OV, 
Tj = +1250c 


Id(ON) Vds > Id(ON) x rDS(ON) Max» Vgs = 10V 


'■DS(ON) I Vgs=10V,Id = 12A 


Vds>50V,Id = 12A 


Vgs = ov, Vds = 25v, f == 1 .omhz 
See Figure 10 


Vdd = ■» 25V, Id = 22A, Rg = 6.20 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 22A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
source lead, 

6mm (0.25 In.) 
from package 
to center of 
die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


BOCS Mounting surface flat, smooth and greased 


Rqja ri"©© a'*’ operation 






Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 



Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 22A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 22A, dlp/dt = 10OA/jis 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 22A, dlp/dt = 10OA/ps 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 




NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by 
maximum junction temperature. See Transient 
Thermal Impedance Curve (Figure 5). 


4. Vdq = 50V, Starting Tj = +250C, 

L = 3.3mH, Rq = 250, Peak II » 22A 
(See Figures 14 & 15). 
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□RAIN CURRENT (AMPERES) I DRAIN CURRENT (AMPERES) 


IRF254, IRF255. IRF256, IRF257 





SOh: 

— 

PUL 

— 

SE T 

EST 























)V — 

- ^ 





































-5.^ 

:V — 

r-^ 



























GS“S 

i.OV, 


















1 

I 









'1 

-4.0 


0 ' I 1, ' t""—-t i' i!- - r= d 

0 25 50 75 100 125 

Vt33. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 



Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 2 - Typical transfer characteristics. 



Vq2. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 



1 2 5 10 2 5 io2 2 5 io3 

Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92GS-44229 

Fig. 4 - Maximum safe operating area. 



RECTANGULAR PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRF254. IRF255. IRF256, IRF257 



Fig. 6 - Typical transconductance vs. drain current. 



Tj. JUNCTION TEMPERATURE ( °C) 
Fig. 8 - Breakdown voltage vs. temperature. 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 



0 ol-1-1-1-1-1-1-1-L. .! 

-60 -40 -20 0 20 40 60 80 100 120 140 160 


Tj. JUNCTION TEMPERATURE ( °C) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF254, IRF255, /RF256, IRF257 



Figure 12. Typical On Resistance vs Drain Current Figure 13. Maximum Drain Current vs Case 

Temperature 



Vdd 



Figure 14. Undamped Energy Test Circuit 


Figure 15. Undamped Energy Waveforms 





SHUNT - SHUNT 


FigurelS. Switching Time Test Circuit 


Figure 17. Gate Charge Test Circuit 
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^ HARRIS fRF320, fRF321 

mF322, mF323 


N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 2.8A and 3.3A, 350V - 400V 

• ^’DSfon) = and 2.50 

Package 

TO-204AA 

BOTTOM VIEW 

DRAIN 

• SOA is Power-Dissipation Limited 

/(FLANGE) 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 


• High Input Impedance 

GATE 

• Majority Carrier Device 

Description 


The IRF320, IRF321, IRF322, and IRF323 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 

Terminal Diagram 

designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 

N-CHANNEL ENHANCEMENT MODE 

for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. . 

D 

O 

The IRF types are supplied in the JED EC TO-204AA steel 


package. 

C 0 

<> 

s 


Absolute Maximum Ratings (Tc ~ +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

IRF320 

400 

IRF321 

350 

IRF322 

400 

IRF323 

350 

UNITS 

V 

Drain-Gate Voltage (RqS ~ 20 kfl) (1). 

.VdgR 

400 

350 

400 

350 

V 

Continuous Drain Current 

Tq = +250C. 

.Id 

3.3 

3.3 

2.8 

2.8 

A 

Tc = +100OC.. 

.Id 

2.1 

2.1 

1.8 

1.8 

A 

Pulsed Drain Current (3). 

.Iqm 

13 

13 

11 

11 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tq = +250C. 

.Pd 

50 

50 

50 

50 

W 

Linear Derating Factor. 


0.4 

0.4 

0.4 

0.4 

W/OC 

Inductive Current, Clamped. 

.Ilm 

12 

12 

10 

10 

A 

(See Figures 14 and 15, L = 10OpH) 

Operating and Storage Junction. 

-Tj.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soidering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj =+25OCto+150OC. 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF320, IRF321, IRF322, IRF323 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF320,IRF322 


IRF321,IRF323 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF320, IRF321 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF320,IRF321 


IRF322,IRF323 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


junction-to-Ambient 


TEST CONDITIONS 



VgS = 0V,Id = 250mA 


VdS = Vqs. b = 250 mA 


VgS = 20V 


Vgs = -20V 


V 05 = Max Rating, Vqs = OV 


Vqs = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


VdS > Id(ON) X rDS(ON) Max. Vgs = ^ OV 


'■DS(ON) Vqs = 1 OV, Id = 1. 8 A 


Vds>50V,Id=1.8A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 200V, Id = 3.3A, Rq = 18a 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 3.3A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
die. 


Measured from the 
source lead, 6 mm 
(0.25”) from header 
and source bonding 
pad. 


R0CS Mounting surface flat, smooth and greased 


R 0 JA Free air operation 






Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _J 

symbol showing the | 

31 

- 

■ 

3.3 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / . |-J 

P-N junc. rectifier. G ( 1 


- 


13 

A 



i 





Diode Forward Voltage (Note 2) 

VSD 

Tc = + 25 OC, Is = 3.3A, Vqs = OV 


- 

- 

1.8 

V 

Reverse Recovery Time 

trr 

Tj = + 25 OC, Ip = 3.3A, dlp/dt = 10OA/jis 

120 

270 

600 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +2 50 c, Ip = 3.3A, dlp/dt = 10OA/jis 

0.64 

1.4 

3.0 

pC 

Forward Turn-on Time 

fQN 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

” 


” 

“ 


NOTES: 

1. Tj = +25OC to +150®C 3. Repetitive Rating: Pulse width limited by maximum junction temperature. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. See Transient Thermal Impedance Curve (Figure 5) 






























































































































































DRAIN CURRENT (AMPERES) ~ In- DRAIN CURRENT (AMPERES) 


IRF320, IRF32 h IRF322, IRF323 




FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 




































IRF320, IRF321, IRF322, IRF323 


Vq 

BOni: 

s ^ 

PUL 

50V 

SE T 

EST 





”1 













tn 

tt 











CL 

X 

< 









?5°C 


z 





2^ 

j_ 

“1 

q 

q 


cc 

cc 

o 




— 




Tj=l 

50°C 


z 

cn 


0 1 2 3 4 5 

Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



'0.0 0.4 0.0 1.2 1.6 2.0 

VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



■ -60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



-60 -40 -20 0 20 40 60 80 100 120 140 16C 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Vqs = OV. f = IMHz 
—Ciss = Cgs + Cgd- Cds''SHORTED 
^rss “ *"gd 

^oss ' ^ds Ss ^gd ^ ^ Sd* 

- ” ^ds ^gd 


Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 



3.3 

A 


























> 



II #■' 

7 




t 





/ SEE FIGURE 16 

% 4 0 12 16 20 

Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF320, IRF321. IRF322, IRF323 



■n 

B 

I 

B 

mni 

■■■ 

E 

E 

E 

B 

B 

H 

■ 

■■■ 

B 

B 

B 

fl 

fl 

■ 

■ 

am 

B 

B 

B 

B 

H 

H 

1 

ag 

■Bi 

9 

8 

B 

miSS 

■■■ 

B 

B 

B 

B 

B 

S9 

■ 

■■■ 

■ 

B 

B 

B 

■ 

1 

a 

■bE 

E 

E 

E 

HD 

E 

U3B 

E 

1 

1 


= O.SBVdss 0.75BVDSS 




RGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 15. CLAMPED INDUCTIVE WAVEFORMS 


CURRENT 

REGULATOR 


> + Vds 
(ISOLATED 
SUPPLY) 


PULSE WIDTH < 1>lS 
DUTY FACTOR < 0.1% 



12V 10.2 XSO ^ 
BATTERY P-F 


G ( !◄-, IdUT 




IG CURRENT ^ Ip CURRENT 
SHUNT *” SHUNT 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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mF330/331/332/333 

mF330R/331R/332R/333R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 4.5A and 5.5A, 350V - 400V 

• rDS{on) = l-Oil and l.sn 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF330, IRF331, IRF332, and IRF333 are n-channel 
enhancement mode silicon gate power field effect transistors. 
iRF330R, IRF331R, IRF332R, and IRF333R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of the power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Package 


TO-204AA 
BOTTOM VIEW 


SOURCE 


DRAIN 

^(FLANGE) 



GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C) Unless Otherwise Specified 




IRF330 

IRF331 

IRF332 

IRF333 




IRF330R 

IRF331R 

IRF332R 

IRF333R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

400 

350 

400 

350 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

.VdgR 

400 

350 

400 

350 

V 

Tc = +250C. 

.'d 

5.5 

5.5 

4.5 

4.5 

A 

Tc = +100OC. 

. Id 

3.5 

3.5 

3.0 

3.0 

A 

Pulsed Drain Current (3). 

.idm 

22 

22 

18 

18 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

75 

75 

75 

75 

W 

Linear Derating Factor. 


0.6 

0.6 

0.6 

0.6 

W/OC 

Inductive Current, Clamped. 

.Ilm 

22 

22 

18 

18 

A 

(See Figure 14, LIOOpH) 

Single Pulse Avalanche Energy Rating (4). 

. 

300 

300 

300 

300 

mJ 

Operating and Storage Junction. 

•••• Tj.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


4. VpD = 
'peak = 


50V, starting Tj = 
5.5A. See Figure 15. 


+250C. L = 17mH, Rqq 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF330, IRF33 h IRF332, IRF333 IRF330R, /RF331R, IRF332R, /RF333R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF330/332, IRF330R/332R 


IRF331/333,1RF331R/333R 


Gate Threshold Voltage 




Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF330/331, IRF330R/331R 


IRF332/333, IRF332R/333R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF330/331, IRF330R/331R 


IRF332/333, IRF332R/333R 




Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller”) Charge 


Internal Drain inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


i^asii 


BVdSS Vgs = 0V,Id = -250pA 


VdS = VqS. Id = -250|iA 


VgS = 20V 


Vgs = -20V 


Vds = Max Rating, Vgs = OV 


Vds = Max Rating x 0.8, Vgs == OV, 
Tj = +1250C 


Vds > iD(ON) X rDS(ON) Max, Vgs = "i OV 



'■DS(ON) Vgs = 10V, Ip = 3.0A 


Vds>50V,Id = 3.0A 


VGS = 0V,VDS = -25V,f = 
See Figure 10 


Vdd = 200V, Id » 5.5A, Rg = 12^ 

See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 5.5A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





4.0 

V 

100 

nA 

-100 

nA 

250 

jiA 

1000 

pA 



1.67 I OC/W 


0.1 I - oC/W 


30 OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET _^ 

symbol showing the | 

>D 

\ 

- 

- 


H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse f . |- 4 

P-N junc. rectifier. G ( | 


■ 

■I 

im 

A 



J 

► s 

■ 

■ 

■ 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 5.5A, Vgs = OV 


- 

- 

1.6 

V 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 5.5A, dlp/dt = lOOA/fis 

140 

400 

660 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 5.5A, dip/dt = 10OA/jis 

0.93 

2.4 

4.3 

pC 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



” 

“ 


NOTES: 1. Tj = +250C to +150OC 3. Repetitive Rating: Pulse width limited by max. 4. Vqq = 50V, Start Tj = +250C, L = 17mH, 

2. Pulse Test: Pulse width < 300|iS, junction temperature. See Transient Thermal RqS 250, IpEAK “ 5,5A (See Figure 15) 

Duty Cycle < 2% Impedance Curve (Figure 5) 
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Z,hjc(t)/R,hjc. NORMALIZED EFFECTIVE TRANSIENT 


IRF330, IRF331, IRF332, IRF333 IRF330R. IRF331R, IRF332R, IRF333R 



0 50 100 150 200 250 300 


Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics 



0 2 4 6 8 10 


Vfls, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



0 1 2 3 4 5 6 7 


Vgs. gate to SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical Transfer Characteristics 


too I 



1.0 2 5 10 20 so 100 200 500 


Vqs, DRAIN to SOURCE VOLTAGE (VOLTS) 

Fig. 4 — Maximum Safe Operating Area 




Fig. 5 — Maximum Effective Transient Thermal Impedance. Junction-to-Case Vs. Pulse Duration 
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IRF330, IRF331, IRF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 



Iq, drain current (AMPERES) VsQ. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Tj, JUNCTION TEMPERATURE (OC) JUNCTION TEMPERATURE (°C) 

Fig. 8 - Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



0 10 20 30 40 50 0 8 1 6 24 32 40 

Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) Qg* TOTAL GATE CHARGE (nC) 

Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF330, IRF331, /RF332, IRF333 IRF330R, IRF331R, IRF332R, IRF333R 




Tc. CASE TEMPERATURE (OC) 


Fig. 12 - Typical On Resistance vs Drain Current Fig. 13 - Maximum Drain Current vs Case Temperature 


Vqs 


^ . . ■* VW- 


.05A 

wv-' 

Ei = O.SBVdss Ec“ 0.75BVDSS 
Fig. 14a - Clamped Inductive Test Circuit 



Fig. 14b - Clamped Inductive Waveforms 


^DS 



Fig. 15a - Undamped Energy Test Circuit 


bvdss 



VdD 


Fig. 15b - Undamped Energy Waveforms 




Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 


N-CHANNEL 
POWER MOSFETs 





^ HARRIS IRF340/341/342/343 

IRF340R/341li/342R/343R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 10A and 8.3A, 400V - 350V 

• ''DS{on) = O.SSn and 0.800 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-204AA 
BOTTOM VIEW 



Description 


The 1RF340, 1RF341, IRF342, and IRF343 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. 1RF340R, IRF341R, IRF342R, and IRF343R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from Integrated circuits. 

The IRF types are supplied in the JED EC TO-204AA steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




IRF340 

IRF340R 

IRF341 

IRF341R 

IRF342 

IRF342R 

IRF343 

IRF343R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

400 

350 

400 

350 

V 

Drain-Gate Voltage {Rqs = SOkH) (1) . 

• • • • Vdgr 

400 

350 

400 

350 

V 

Continuous Drain Current 

Tc = +250C. 

.Id 

10 

10 

8.3 

8.3 

A 

Tc = +100OC. 

.Id 

6.3 

6.3 

5.2 

5.2 

A 

Pulsed Drain Current (3). 

.Idm 

40 

40 

33 

33 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

. Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

w/oc 

Inductive Current, Clamped ... 

.Ilm 

40 

40 

32 

32 

A 

(See Figure 14, L=100 mH) 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

520 

520 

520 

520 

mJ 

Operating and Storage Junction. 

• Tj,Tstg 

-55 to+150 - 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj * +250Cto +150OC, 

2. Pulse Test: Pulse width < 300ms, Duty Cycle <2%. 


4. Vdd = 
•peak = 

50V, starting Tj = +2500, 

10A. See Figure 15. 

L = 9.2mH, 

Rqs 250, 


3. Repetitive Rating: Pulse width limited by max junction temp. See 
Transient Thermal Impedance Curve (Figure 5). 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2307,1 
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IRF340, /RF34 h fRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF340/342, IRF340R/342R 


IRF341/343, IRF341R/343R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current {Note 2) 
IRF340/341, IRF340R/341R 


IRF342/343, IRF342R/343R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF340/341, IRF340R/341R 


IRF342/343, IRF342R/343R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


_ LIMITS _ 

MIN I TYP I MAX UNITS 


BVdSS Vgs = OV, Id = 250mA 


VdS = Vgs. lD = 250fiA 


'gss Vgs = 20V 


iGss Vgs = -20V 


loss VpS = Max Rating, Vgs = OV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


ID(ON) Vds > Id(ON) X rDS(ON) Max. VgS = OV 


''DS(ON) Vgs = 10V, Id = 5.2A 


gfs Vds>50V,Id = 5.2A 


C|SS Vgs = OV, Vqs = 25V. f = 1 .OMHz 

CqSS See Figure 10 


Vdd = 200V, Id « 10A, Rg = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
^(OFF) I temperature) 


Vgs = 10V, Ip = 10A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 





ROJC 


RqCS Mounting surface flat, smooth and greased 


R0JA a*'' operation 



Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Orr 

Forward Turn-on Time 

tON 


Tj = + 250 C, Is = 10A, Vgs = OV 


Tj = + 25 OC, Ip = 10A, dlp/dt = 10OA/fiS 


Tj = + 250 C, Ip = 10A, dip/dt = 10OA/fis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 


1.0 

oc/W 

- 

oc/W 

30 

oC/W 



NOTES: 1. Tj = +250C to +1500C 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V, start Tj = +260C, L = 9.2mH, 

2. Pulse Test: Pulse width < 300|iS, 

junction temperature. See Transient Thermal 

Rqs 

= 25n, IpEAK = 10A (See Figure 15) 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 
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DRAIN CURRENT (AMPERES) 


IRF340, IRF34h IRF342, IRF343 IRF340R, IRF341R, IRF342R, IRF343R 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 


















































/RF340, mF341, IRF342, IRF343 IRF340R, IRF34 JR, IRF342R, IRF343R 



FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


























IRF340, IRF34 h IRF342, IRF343 IRF340R, /RF341R, /RF342R, IRF343R 



FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 



FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


''ds 




FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


34006.gem 




tp — 


^Vds 


'l 

1 






El 



Vdd 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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^ HARRIS IRF350/351/352/353 

IRF350R/351R/352R/353R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 13A and 15.0A, 350V - 400V 

• rosCon) = 0.3n and 0.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-204AA 
BOTTOM VIEW 



Description 


The IRF350, IRF351, IRF352, and IRF353 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF350R, IRF351R. IRF352R and IRF353R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = -I-250C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs = 20kO) (1). Vdgr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. IlM 

(See Figure 14, L = 10OjiH) 

Single Pulse Avalanche Energy Rating (4). Eas^ 

Operating and Storage Junction. Tj.TstG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRF350 

IRF351 

IRF352 

IRF353 


IRF350R 

IRF351R 

IRF352R 

IRF353R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

15 

15 

13 

13 

A 

9.0 

9.0 

8.0 

8.0 

A 

60 

60 

52 

52 

A 

±20 

±20 

±20 

±20 

V 

150 

150 

150 

150 

W 

1.2 

1.2 

1.2 

1.2 

W/OC 

60 

60 

52 

52 

A 

700 

700 

700 

700 

mi 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES; 

1. Tj = + 25 OC to +150OC. 4. Vdd = 40V, starting Tj = +25^C. L = 5.66mH, Rqs = 500. Ipg^K 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. Figure 15. 

3. Repetitive rating; Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF350, IRF351, SRF352, IRF353 IRF350R, IRF351R, SRF352R, iRF353R 


Electrical Characteristics Tq = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF350/352, IRF350R/352R 


IRF351/353, IRF351R/353R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF350/351, IRF350R/351R 


IRF352/353, IRF352R/353R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF350/351, IRF350R/351R 


IRF352/353, IRF352R/353R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


TEST CONDITIONS 


BVdSS Vgs = 0V.Id = -250|iA 


VdS = Vgs» Id = 250}iA 


Vgs = 20V 


Vgs = -20V 


Vqs = Max Rating, Vgs = OV 


Vos = Max Rating x 0.8, Vgs = OV, 
Tj = +12500 


VdS > ID(ON) X rDS(ON) Max. Vgs = 1 0V 




Case-to-Sink 


Junction-to-Ambient 


rDS(ON) Vgs = 10V, Id = 8.0A 


Vos > iDfON) X rDS(ON)Max. 'D = 8-OA 


Vgs = OV, Vos = 25V, f = 1 .OMHz 
S ee Figure 10 


VoD - 180V, Id = 8.0A, Zo = 4.7Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 18A, Vds = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.2 5”) from header 
and source bonding 
pad. 


B0CS Mounting surface flat, smooth and greased 


B0JA rree air operation 





Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-Njunc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr . 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


■■ 


Tj = +250C, Is = 15A, Vgs = OV 


Tj = +150OC, Ip = 15A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = 15A, dlp/dt = 100A/ns 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj = +250C to 4-150®C 

3. Repetitive Rating: Pulse width limited by max. 

4- Vdd 

= 40V, Start Tj = +25^C, L = 5.66mH, 

2. Pulse Test: Pulse width :^300|iS, 

junction temperature. See Transient Thermal 

Rqs 

= son, IpEAK = 1 5A (See Figure 15) 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 
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Z,hJc(t)/R,hJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


IRF350, IRF351, IRF352, /RF353 IRF350R, /RF351R, /RF352R, IRF353R 



0 50 100 150 200 250 300 


Vqs, drain to source voltage (VOLTS! 

Fig. 1 — Typical Output Characteristics 




0 12 3 4 5 

Vos, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 



Vgs. gate to SOURCE VOLTAGE (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



Fig. 4 — Maximum Safe Operating Area 




Fig. 5 — Maximum Effective Transient Thermal Impedance. Junction-to-Case Vs. Pulse Duration 
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IRF350, IRF351, IRF352. IRF353 IRF350R. IRF351R, IRF352R. IRF353R 



0 4 8 12 16 20 

Iq, drain current (AMPERES) 

Fig. 6 — Typical Transconductance Vs. Drain Current 



51.t I 1" t I I i III 1 I t.i.A.—iJ - 

-40 0 40 80 120 160 


Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 — Breakdown Voltage Vs. Temperature 



Vqs. drain to source voltage (VOLTS) 

Fig. 10 ~ Typical Capacitance Vs. Drain-to-Source Voltage 



0 12 3 4 

VsQ, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



-40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



0 28 56 84 112 140 

Qg, TOTAL GATE CHARGE (nC) 

Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF350, IRF351, IRF352, IRF353 IRF350R. IRF351R. IRF352R, IRF353R 



0 10 20 30 40 50 60 70 


■ O. DRAIN CURRENT (AMPERES) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 



25 50 75 100 125 150 

Tq.CASE temperature (°C) 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 




^C 





—Vds 





'i J 





' \ 


> 1 

\ 

El 


BVqsS 


A p —''ds 



VdD 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




SAMPUNG RESISTOR ~ SAMPUNG RESISTOR 
FIGURE 17. GATE CHARGE TEST CIRCUIT 
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^ HARRIS fRF360 

IRF362 

N-Channel Power MOSFETs 
August 1991 Avalanche-Energy Rated 


Features 

• 25A and 22A, 400V 

• rDs(on) = 0.200 and 0.250 

Package 

TO-204AE 

BOTTOM VIEW 

• Single Pulse Avalanche Energy Rated 

DRAIN 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

(o^ ^ 

GATE 

Description 


The IRF360 and IRF362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 

Terminai Diagram 

of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 

N-CHANNEL ENHANCEMENT MODE 

field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis¬ 
tors requiring high speed and low gate-drive power. These 

D 

types can be operated directly from integrated circuits. 

G Q ( I ) 

The IRF-types are supplied in the JED EC TO-204AE metal 

\ _ 

package. 

6 

S 


Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Continuous Drain Current 


IRF360 

IRF362 

UNITS 

Tc = +250C. 

.Id 

25 

22 

A 

Tc = +1000C. 

.Id 

16 

14 

A 

Pulsed Drain Current (1 ) . 

.‘dm 

100 

88 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.pd 

300 

300 

W 

Linear Derating Factor. 


2.4 

2.4 

w/oc 

Singie Pulse Avalanche Energy Rating (2). 

See Figure 14 

.EaS 

980 

980 

mj 

Avalanche Current, Repetitive or Non-repetitive (1 ) _ 

.Iar 

25 

25 

A 

Operating and Storage Junction. 

Temperature Range 

•••• Tj,TstG 

-55 to +150 

-55 to+150 

OC 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal impedance Curve (Figure 5). 

2. Vdq = 50V, starting Tj = +250C. L = 2.8mH, Rqs = 250, Peak II = 25A. 

300 

300 

OC 


3 . Pulse Test: Pulse width < aoojis, Duty Cycle ^ 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications IRF360, iRF362 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

VqS = OV, Id = 250|jA 

400 

- 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VdS = Vgs. Id = 250mA 

2.0 

- 

4.0 

V 

Gate-Source Leakage Forward 

igss 

Vgs = 20V 

- 

- 

100 

nA 

Gate-Source Leakage Reverse 

•gss 

Vgs = -20V 

- 

- 

-100 

nA 

Zero Gate Voltage Drain Current 

•dss 

Vds = Max Rating, Vgs = OV 

- 

- 

250 

ma 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 

- 

■1! 

1000 

ma 

On-State Drain Current (Note 3) 
IRF360 

•D(0N) 

Vds > •D(ON) X rDS(ON) Max. VgS = ^ OV 

25 

_ 

_ 

A 

IRF362 

22 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 3) 

IRF360 

''DS(ON) 

Vgs=10V,Id = 14A 

■ 

0.18 

0.20 

||H|| 

IRF362 

- 


0.25 

a 

Forward Transconductance (Note 3) 

9fs 

Ids = 14A,Vds>50V 

14 

21 

- 

S(U) 

Input Capacitance 

C|SS 

Vgs = ov, Vds = 25v, f = 1 .omhz 

See Figure 10 

- 

4000 

- 

PF 

Output Capacitance 

Goss 

- 

550 

- 

PF 

Reverse Transfer Capacitance 

Crss 


97 

- 

PF 

Turn-On Delay Time 

BSBH 

Vdd = 200V, Id = 25A, Rg = 4.30 

Rd = 7.50. (MOSFET switching times 
are essentially independent of operating 
temperature) 

- 

22 

33 

ns 

Rise Time 


- 

94 

140 

ns 

Turn-Off Delay Time 

BB833B 

- 

80 


ns 

Fall Time 

tf 

- 

66 

99 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = ** OV, Id = 25A, Vds = O.SV x Max 
Rating. See Figure 16 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 

ifB 

120 

170 

nC 

Gate-Source Charge 

Qgs 

HBH 

19 

- 

nC 

Gate-Drain (“Miller”) Charge 

Qgd 

IBH! 

60 

- 

nC 

Internal Drain Inductance 

Ld 

Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

1 

5.0 

1 

nH 

Internal Source Inductance 

LS 

Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 

■ 

13 

■ 

nH 

J unction-to- Case 

Rgjc 


- 

- 

0.42 

OC/W 



Mounting surface flat, smooth and greased 

- 

0.10 

- 

OC/W 

1 Junction-to-Ambient 

R0JA 

Free air operation 

- 

- 

30 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _^ 

symbol showing the / 

integral reverse / ^.. 

P-N]unc. rectifier. G ( | \ 

>D 

>S 

- 

IB 

25 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

■ 

■ 

100 

■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 25A, Vgs = OV 

- 

- 

1.8 

V 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 25A, dip/dt = 10OA/fis 

200 

460 

1000 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 25A, dIp/dt = 10OA/jis 

3.1 

7.1 

16 

pC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

“ 

” 

“ 

“ 


NOTES: 

1. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 

2 . Vqd = 50V, Starting Tj = +250C, L = 2.8mH, II = 25A 

3. Pulse Test: Pulse width < 300|lis, Duty Cycle < 2% 
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DRAIN CURRENT (AMPERES) 











































































IRF360, mF362 




VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



Vqs- DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 10- Typical capacitance vs. drain-to-source voltage. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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DS(on)- DRAIN-TO-SOURCE ON RESISTANCE 


IRF360, /RF362 



Iq. drain current (AMPERES) 


Fig. 12- Typical on-resistance vs. drain current. 



Tq, case TEMPERATURE CO 

Fig. 13 - Maximum drain current vs. case temperature. 


Vos 



BVdSS 



Fig. 14a - Undamped inductive test circuit. 


Fig^ 14b - Undamped inductive waveforms. 


-ITL 



Fig. 15a - Switching time test circuit. 




Fig. 15b - Switching time waveforms. 



Fig. 16a - Basic gate charge waveform. 


Fig. 16b- Gate charge test circuit. 
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RF421 
IRF422, IRF423 

N-Channel Enhnancement Mode 
Power Field-Effect Transistors 


Features 

• 2.2A and 2.5A, 450V - 500V 

• rDS(o*i) = 3.on and 4.on 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AA 
BOTTOM VIEW 


DRAIN 

-^(FLANGE) 


Description 

The IRF420, IRF421, IRF422, and IRF423 are n-channel 
enhancement mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Drain-Source Voltage (1) . 
Drain-Gate Voltage (Rqs = 
Continuous Drain Current 

Tc = +250C. 

Tc = +100OC. 

Pulsed Drain Current (3).. 


20 kn)(1). 


Maximum Power Dissipation 

Tc = +250C. 

Linear Derating Factor. 

Inductive Current, Clamped. 

(See Figures 14 & 15, L = 10OpH) 


Temperature Range 
Maximum Lead Temperature for Solde 
(0.063" (1.6mm) from case for 10s) 


, Unless Otherwise Specified 





IRF420 

IRF421 

IRF422 

IRF423 

UNITS 

• Vds 

500 

450 

500 

450 

V 

Vdgr 

500 

450 

500 

450 

V 

..•Id 

2.5 

2.5 

2.2 

2.2 

A 

...Id 

1.6 

1.6 

1.4 

1.4 

A 

••Idm 

10 

10 

8.0 

8.0 

A 

• vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

50 

50 

50 

50 

W 


0.4 

0.4 

0.4 

0.4 

W/OC 


10 

10 

8.0 

8.0 

A 

.TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

...Tl 

300 

300 

300 

300 

OC 


1 . Tj = + 25 OC to +150OC 

2. Pulse Test: Pulse width < SOOjiS, Duty Cycle :< 2%. 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
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Specifications iRF420, IRF421, iRF422, IRF423 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 
IRF420, IRF422 

BVdsS 

VgS = 0V,Id = 250mA 

IRF421,IRF423 



Gate Threshold Voltage 


VdS = Vgs. Id = 250mA 

Gate-Source Leakage Forward 

•gss 

Vgs = 20V 

Gate-Source Leakage Reverse 

'GSS 

VgS = “20V 

Zero Gate Voltage Drain Current 

«DSS 

Vds Max Rating, Vgs = OV 



Vds = Max Rating x 0.8, Vgs ~ OV, 

Tj = +1250C 

On-State Drain Current (Note 2) 
IRF420,IRF241 

•D(0N) 

Vds > ID(ON) X rDS(ON) Max* VqS = 10V 

IRF242,IRF243 



Static Drain-Source On-State 
Resistance (Note 2) 

IRF420,IRF241 

rDS(ON) 

VgS = '^0V,Id = 1.4A 

IRF242,IRF243 



Forward Transconductance (Note 2) 

9ts 

Vds > 50V, Id == 1 .4a 

Input Capacitance 

C|SS 

Vgs = OV, Vds = 25V, f = 1 .oMHz 

Output Capacitance 

coss 

See Figure 10 

Reverse T ransfer Capacitance 

Crss 


Turn-On Delay Time 

dlSBSI 

Vdd = 250V, Id = 2.5A, Rg = 18fi 

Rise Time 

tr 

See Figure 16. (MOSFET switching times 

Turn-Off Delay Time 

td(OFF) 

are essentially independent of operating 
temperature) 


LIMITS 

TYP I MAX UNITS 


Fall Time 


Total Gate Charge 
{Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VqS = 10V, Ip = 2.5A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 
Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Rgjc 


Rocs Mounting surface flat, smooth and greased 


Rq JA Free air operation 






Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Tj = -f 250C, Is = 2.5A, Vqs = OV 


Tj = +250C, Ip = 2.5A, dlp/dt == 1 OOA/ms 


Tj = +250C, Ip = 2.5A, dlp/dt = 1 0OA/fiS 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq. 


2.5 I OC/W 


OC/W 


30 I oc/W 


■■ 


NOTES: 1. Tj = +25^C to +150®C 

2. Pulse Test: Pulse width < 3CX)|iS, Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 
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IRF420. IRF42 /, IRF422, IRF423 


Performance Curves 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



Vqs. GATE-TO-BOURCE voltage (VOLTS) 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 4. MAXIMUM SAFE OPERATING AREA 



t^. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF420, IRF421, IRF422, IRF423 



Vne. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


On. TOTAL GATE CHARGE (nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF420, IRF421, IRF422, IRF423 


Performance Curves (Continued) 













N 











IRF-: 

20. 4 

21 






'V 

3 





—1 
IRF422, 

_1_ 

2^ 


V 








s 


































2 4 6 8 10 

Iq. drain current (AMPERES) 


■ 25 50 75 100 125 150 

Tr-. CASE TEMPERATURE CO 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK II 

”T|- 

5 = 20V -a- D 

t PP _ 



El = O.SBVdss Vc= 0.75BVDSS 


FIGURE 14. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


IP | \_ 

FIGURE 15. CLAMPED INDUCTIVE WAVEFORMES 


Vgs= 10V^-^ 

t I _; 

PULSE WIDTH < S 
DUTY FACTOR <0.1% 



CURRENT 

REGULATOR 




I o'in 

10.2 - 

-50 < 


in 

T , 

-kXl j 

1 


+ Vds 

(ISOLATED 

SUPPLY) 

. SAME 
TYPE 
' AS DUT 


G ( 1 DUT 


IG Cu'rRENt'III^^ 

SHUNT RESISTOR — SHUNT RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRF430/431/432/433 

IRF430R/431R/432R/433R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 4.0A and 4.5A, 450V - 500V 

• »'DS(0") = 2.0CI 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

^(FLANGE) 


Description 

The 1RF430, IRF431, IRF432, and IRF433 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF430R, IRF431R, IRF432R and IRF433R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JED EC TO-204AA steel 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Continuous Drain Current 

Tq = 4-250C. 

Tc = +100OC..... 


Maximum Power Dissipation 

Tq = +250C. 

Linear Derating Factor. 


(See Figure 14, L = 100|iH) 

Single Pulse Avalanche Energy Rating (4). 


Temperature Range 

Maximum Lead Temperature for Soldering . 
(0.063” (1.6mm) from case for 10s) 


NOTES; 

1. Tj = + 25 OC to +150OC. 

2. Pulse Test; Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive rating; Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5), 

*R Suffix Types Only 



IRF430 

IRF431 

IRF432 

IRF433 



IRF430R 

IRF431R 

IRF432R 

1RF433R 

UNITS 

• VdS 

500 

450 

500 

450 

V 

VdGR 

500 

450 

500 

450 

V 

...Id 

4.5 

4.5 

4.0 

4.0 

A 

...Id 

3.0 

3.0 

2.5 

2.5 

A 

• •Idm 

18 

18 

16 

16 

A 

• Vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

75 

75 

75 

75 

W 


0.6 

0.6 

0.6 

0.6 

W/OC 

• • Jlm 

18 

18 

16 

16 

A 

...Eas* 

300 

300 

300 

300 

mj 

J^TstG 

-55 to+150 

-55 to+150 

-55 to +150 -55 to +150 

OC 

....Tl 

300 

300 

300 

300 

OC 


4. Vdd = 

• 50V, starting Tj 

= +25OC. L = 

25mH,RGs = 20n. 

•peak = 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF430, IRF431, IRF432, IRF433 [RF430R, IRF431R, IRF432R, IRF433R 
Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF430/432, IRF430R/432R 


IRF431/433, IRF431R/433R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF430/431, IRF430R/431R 


IRF432/433, IRF432R/433R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF430/431, IRF430R/431R 


IRF432/433, IRF432R/433R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Interna! Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250pA 


VdS = VqS. Id = 250pA 


VgS = 20V 


Vgs = -20V 


Vds = Max Rating, Vqs = OV 


Vqs = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


Vds > «D(ON) X rDS(ON) Max. VqS = ^ OV 




rDS(ON) I Vqs = 10 V, Iq = 2.5A 


Vds > 50V, Id = 2.5a 


I Vqs = ov, Vds = 25v, f = 1 .omhz 
■ j See Figure 10 


Vdd = 250V, Id = 4.5A, Rq = 12a 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vqs = OV, Ip = 6.0 A, Vds = O-QV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 

Ls Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


RqCS Mounting surface flat, smooth and greased 


H0JA a'f operation 





Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


■a 


Tj = +250C, Is = 4.5A, Vqs = OV 


Tj = +250C, Ip = 4.5A, dlp/dt = 100 A/ms 


Tj = +250C, Ip = 4.5A, dip/dt = 100 A/|lis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300(iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +250C, L = 25mH, 
Rqs ~ 250, IpEAK “ 4.5A (See Figure 15) 
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IthJC. normalized Ef fective transient 
THERMAL IMPEDANCE (PER UNIT) 


IRF430, IRF431, IRF432. IRF433 IRF430R. IRF431R, JRF432R, IRF433R 



Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 



0 1 2 3 4 5 6 7 

Vqs. GATE TO SOURCE VOLTAGE (VOLTS) ' 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 e 10 


Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical Saturation Characteristics 



Vpg, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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IRF430. IRF431, IRF432, IRF433 IRF430R, IRF431R. IRF432R. IRF433R 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Fig. 8 — Breakdown Voltage Vs. Temperature 




Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 



0 8 16 24 32 40 

Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF430, IRF43 f, IRF432, IRF433 IRF430R, IRF431R, IRF432R, IRF433R 




0 S 10 IS 20 25 



Iq, drain current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 




Ec 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 







^Vds 

'l 


\ 

r~ 






FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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^ IHAFRRIS IRF440/441/442/443 

IRF440R/441R/442R/443R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 7A and 8A, 450V - 500V 

• rosCon) = 0.850 and 1.10 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF440, IRF441, IRF442, and IRF443 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF440R, IRF441R, IRF442R and IRF443R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




IRF440 

IRF440R 

IRF441 

IRF441R 

IRF442 

IRF442R 

IRF443 

IRF443R 

UNITS 

Drain-Source Voltage (1). 

. Vps 

500 

450 

500 

450 

V 

Drain-Gate Voltage (Rqs = SOkH) (1 ). 

Continuous Drain Current 

■ • • •VpGR 

500 

450 

500 

450 

V 

Tc = +250C. 

. Id 

8.0 

8.0 

7.0 

7.0 

A 

Tc = +100OC. 

. ‘d 

5.0 

5.0 

4.4 

4.4 

A 

Pulsed Drain Current (3). 

.bM 

32 

32 

28 

28 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 

1.0 

1.0 

1.0 

1.0 

W/OC 

Inductive Current, Clamped ... 

(See Figure 14, L = 10OpH) 

.Ilm 

32 

32 

28 

28 

A 

Single Pulse Avalanche Energy Rating (4). 

.EaS* 

510 

510 

510 

510 

mj 

Operating and Storage Junction. 

Temperature Range 

■ Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to +150 

OC 

Maximum Lead Temperature for Soldering. 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

.Tl 

300 

300 

300 

300 

OC 

1. Tj = +25OC to +150OC. 

2. Pulse Test: Pulse width < 300ms, Duty Cycle < 2%. 


4. Vqd = 50V, Starting Tj 
See Figure 15. 

= +25OC, L = 

14mH, Rqs = 25n, IpEAK = 


3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. fsjumber 2308 1 

Copyright © Harris Corporation 1991 
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IRF440, IRF441, IRF442, IRF443 iRF440R, IRF441R, IRF442R, IRF443R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF440/442, IRF440R/442R 


IRF441/443, IRF441R/443R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF440/441, IRF440R/441R 


IRF442/443, IRF442R/443R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF440/441, IRF440R/441R 


IRF442/443, IRF442R/443R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


imsil 


BVdSS Vgs = 0V,Id = 250|iA 


VdS = VqS. Id = 250mA 


Vgs = 20V 


Vgs = "20V 


Vos = Max Rating, Vqs = OV 


Vos “ Max Rating x 0.8, Vgs == OV, 
Tj = +1250C 


VdS > 1d(ON) X rDS(ON) Max» VgS * 10V 




•'DS(ON) Vgs = 10V,Id = 4.4A 


VdS>50V,Id = 4.4A 


Vqs = OV, Vos = 25V, f = 1 .OMHz 
See Figure 10 


VoD = 250V, lo 8 A, Rg = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 8A, Vos = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


ROJC 


Rocs Mounting surface flat, smooth and greased 


Rqja operation 


0.70 

0.85 

0.85 

1.1 





Source Drain Diode Ratings and Characteristics 


‘s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 




Forward Turn-on Time 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Tj = +250C, Is = 8.0A, Vgs = OV 


Tj = +250C, If = 8.0A, dlp/dt = 10OA/fis 


Tj = +250C, If = 8.0A, dlF/dt = lOOA/jiS 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq. 




1.0 I OC/W 


oc/w 


30 I OC/W 


■H 


NOTES: 1. Tj = +25^0 to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd * 50V, Start Tj 

= +25OC, L = 14mH, 

2. Pulse Test: Pulse width < 300|iS, 

junction temperature. See Transient Thermal 

RqS “ 250, IpEAK “ 

8A (See Figure 15) 

Duty Cycle ^2% 

Impedance Curve (Figure 5) 
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IRF440. IRF44 h IRF442, IRF443 IRF440R, IRF44 JR. IRF442R, IRF443R 




FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF440, IRF44 h IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 



CURRENT 
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IRF440, IRF441, IRF442, IRF443 IRF440R, IRF441R, IRF442R, IRF443R 


Performance Curves (Continued) 



FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 


Vds 




Ec 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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® HARRIS lflF450/451/452/453 

IRF450R/451 R/452R/453R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

Package 


• IIAand 13A, 450V - 500V 

TO-204AA 

BOTTOM VIEW 

• = 0.4n and 0.50 

• Single Pulse Avalanche Energy Rated* 

SOURCE 

DRAIN 

(FLANGE) 

• SOA is Power-Dissipation Limited 


• Nanosecond Switching Speeds 

(o ^ 


• Linear Transfer Characteristics 

GATE 


• High input Impedance 



Description 



The IRF450, IRF451, IRF452, and IRF453 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 

Terminal Diagram 


tors. IRF450R, 1RF451R, IRF452R and IRF453R types are 

N-CHANNEL ENHANCEMENT MODE 

advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

GO-¥ 

D 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


s 


Absolute Maximum Ratings (Tq 

+2500), Unless Otherwise Specified 

IRF450 IRF451 

IRF450R 1RF451R 

IRF452 

IRF452R 

1RF453 

IRF453R 

UNITS 

Drain-Source Voltage (1). 

..Vps 

500 

450 

500 

450 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

.VpGR 

500 

450 

500 

450 

V 

Tc == +250C. 

.Id 

13 

13 

11 

11 

A 

Tc = +100OC. 

. Id 

8.1 

8.1 

7.2 

7.2 

A 

Pulsed Drain Current (3). 

.Idm 

52 

52 

44 

44 

A 

Gate-Source Voltage .. 

Maximum Power Dissipation 

.VgS 

±20 

±20 

±20 

±20 

V 

Tq = +250C. 

..Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Inductive Current, Clamped.. 

(See Figure 14, L=100|iH) 

...Ilm 

52 

52 

43 

48 

A 

Single Pulse Avalanche Energy Rating (4).. 

.eas* 

860 

860 

860 

860 

mj 

Operating and Storage Junction. 

Temperature Range 

.■rj,TsTG 

-55 to+150 

-55 to+150 

-55 to+150 -55 to+150 

OC 

Maximum Lead Temperature for Soldering . 
(0.063” (1,6mm) from case for 10s) 

NOTES; 

.. Tl 

300 

300 

300 

300 

OC 

1. Tj = +25OCto+150OC. 

2. Pulse Test; Pulse width < 300|iS, Duty Cycle < 2%. 

4. Vdo = 25V, starting Tj 
See Figure 15. 

= +250C,L = 

9.2mH, Rqs ~ 250, IpEAK ~ 


3. Repetitive rating; Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg |sJurYi[30|' 827.1 

Copyright © Harris Corporation 1991 
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IRF450, IRF45h IRF452, IRF453 IRF450R, IRF451R, /RF452R, /RF453R 


Electrical Characteristics Jq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF450/452, IRF450R/452R 


IRF451/453, IRF451R/453R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF450/451, IRF450R/451R 


IRF452/453, IRF452R/453R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF450/451, IRF450R/451R 


IRF452/453, IRF452R/453R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


VdS = VgS. lD = 250pA 


•GSS Vqs = 20V 


«GSS Vgs = -20V 


IdSS Vps = Max Rating, Vgs = QV _ 

V0S = Max Rating x 0.8, Vgs = OV, 

Tj = 4-1 250 c 


ID(ON) Vds > •d(ON) X rDStON) Max. VgS = 10V 


rpStON) Vgs = 10V,Id = 7.2A 


Vds > 50V, Id = 7.2 A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
S ee Figure 10 


Vdd = 250V, Id 2=: 13A, Rg = 6.20 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 13A, Vds = 0-8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


ROJC 


Rocs Mounting surface flat, smooth and greased 


R0 jA Free air operation 





LIMITS 

TYP I MAX UNITS 



0.83 

OC/W 

- 

OC/W 

30 

oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _^ 

symbol showing the 

a 

- 


13 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / 1 - 

P-N junc. rectifier. G ( | 

n 

■ 

■1 

52 

A 



i 

■ 

■ 



Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 13A, Vgs = OV 


- 


1.4 

V 

Reverse Recovery Time 

trr 

Tj = 4-250C, Ip = 13A, dlp/dt = 100A/|JS 

280 


IIQQI 

ns 

Reverse Recovered Charge 

Qrr 

Tj = 4-250C, Ip = 13A, dlp/dt = 10OA/ps 

3.2 

7.5 

14 

jiC 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls 4- Ld- 

“ 

“ 


*” 


NOTES: 1. Tj = -I-250C to +150OC 3, Repetitive Rating: Pulse width limited by max. 4. Vqd = 25V, Start Tj = + 25 ^ 0 , L = 9.2mH, 

2. Pulse Test: Pulse width < 300)iS, junction temperature. See Transient Thermal RqS = 250, IreaK = ISA (See Figure 15) 

Duty Cycle _< 2% Impedance Curve (Figure 5) 




























































































































































DRAIN CURRENT (AMPERES) 


IRF450. IRF45h IRF542, IRF453 IRF450R, IRF451R, IRF542R, fRF453R 



t.. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF450, IRF451, IRF452, IRF453 IRF450R, IRF451R. IRF452R, IRF453R 


Performance Curves (Continued) 



0 4 a 12 16 20 

Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 




■ 0.0 0.5 1.0 1.5 

VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 


S 1-05 

CD Nl 
uj 

u d 

s ^ 

o § 

W § 0.95 



Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



■-60 -40 -20 0 20 40 50 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


Vgs = OV. f = 1MH2 
-Ciss = Cgs + Cg^, Cgs SHORTED 


’-OSS “ ^ds Ss ’-go / ’^gs ^g( 

- " Crtc + CnrI 


1 2 5 10 2 5 io2 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


^ y ojpoUIT 

y I II SEE FIGURE 16 

0 25 50 75 100 11 

Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF450, IRF45h IRF452, IRF453 IRF450R, IRF451R, IRF452R, IRF453R 


Performance Curves (Continued) 



0 12 24 36 48 60 

Iq. drain current (AMPERES) 



25 50 75 100 125 150 

Tc. CASE TEMPERATURE ( °C) 


FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 


~T\ - 

5=10V-*—^ Dl 

i I I 


VARY tp TO OBTAIN 
REQUIRED PEAK II ^GS 


o.osa 


Ei= O.SBVdss Ec= 0.75BVdsS 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


•l 


l \ 

FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


T 

VftQ- 10V 


PULSE WIDTH < 1;iS 
DUTY FACTOR < 0.1% 



' 10.2 - 

-50 \ 


in 

I_ 

-kXi j 

1 


I o + Vds 

CURRENT A (ISOLATED 

GULATORT SUPPLY) 

/Tw-Nsame 


G I 1 OUT 




--JVVW-AAA^ -Vds 

IG CURRENT ID CURRENT 

SAMPUNG RESISTOR SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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August 1991 


IRF460 

IRF462 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Features 

• 21Aand 19A, 500V 

• ''DS(o*^) = 0.270 and 0.350 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The iRF460 and IRF462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis¬ 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JED EC TO-204AE metal 
package. 


Package 


TO-204AE 
BOTTOM VIEW 


SOURCE 







DRAIN 
^(FLANGE) 


GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Continuous Drain Current 


IRF460 

IRF462 

UNITS 

Tc = +250C. 

.Id 

21 

19 

A 

Tc = +100OC. 

.Id 

14 

12 

A 

Pulsed Drain Current (1). 

.idm 

84 

76 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

300 

300 

W 

Linear Derating Factor. 


2.4 

2.4 

W/OC 

Single Pulse Avalanche Energy Rating (2). 

See Figure 14 

.Eas* 

1200 

1200 

mj 

Avalanche Current, Repetitive or Non-repetitive (1)_ 

.Iar 

21 

21 

A 

Operating and Storage Junction. 

Temperature Range 

■••• Tj.Tstg 

-55 to +150 

-55 to+150 

OC 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

2. Vdd = 50V, starting Tj = +250C, L = 4.9mH, Rqs = 250, Peak II *= 21 A. 

300 

300 

OC 


3. Pulse Test: Pulse width < 300}is, Duty Cycle <2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2277.1 
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IRF460, /RF462 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tj) = 25° C Unless Otherwise Specified 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain-to-Source Breakdown Voltage 

ALL 

500 

- 

- 

V 

Vqs = OV Id = 250 mA 

RoSlon) 

Static Drain-to-Source 

On-State Resistance (D 

IRF460 

- 

0.24 

0.27 

n 

VqS = 10V, Id = 12A 


IRF462 

- 

0.27 

0.35 

'D(on) 

On-State Drain Current (3) 

IRF460 

21 

- 

- 

A 

VdS > 'D(on) X RDS(on) Max. 



IRF462 

19 

- 

- 


Vgs = 10V 


VGS(th) 

Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vgs. 'd = 250mA 

gfs 

Forward Transconductance (D 

ALL 

13 

20 

- 

S(B) 

Vds s BOV, Ids = i2a 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds “ Max. Rating, Vqs 

= OV 





- 

1000 

Vds 0.8 x Max. Rating 

Vgs = ov, Tj = 125°C 

■gss 

Gate-to-Source Leakage Forward 

ALL 

- 

- 

100 

nA 

Vgs = 20V 

•gss 

Gate-to-Source Leakage Reverse 

ALL 

- 

- 

-100 

nA 

Vgs = -20V 

Qg 

Total Gate Charge 

ALL 

- 

120 

190 

nC 

Vqs = 10V Id = 21A 


Qgs 

Gate-to-Source Charge 

ALL 

- 

18 

- 

nC 

Vds = 0.8 X Max. Rating 
See Fig. 16 

(Independent of operating t 


°9d 

Gate-to-Drain ("Miller") Charge 

ALL 

- 

62 

- 

nC 

smperature) 

^d(on) 

Turn-On Delay Time 

ALL 

- 

23 

35 

ns 

Vdd = 250V, Id * 21A, Rg = 4.3fi 

tf Rise Time 

ALL 

- 

81 

120 

ns 

Rd = 12Q 


td(off) 

Turn-Off Delay Time 

ALL 

- 

85 

130 

ns 

See Fig. 15 


tf 

Fall Time 

ALL 

- 

65 

98 

ns 

(Independent of operating temperature) 

Ld 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 

Modified MOSFET symbol 
showing the internal _ 
inductances. 

LS 

Internal Source Inductance 

ALL 


13 


nH 

Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 


^iss 

Input Capacitance 

ALL 

- 

4100 

- 

pF 

Vgs = OV, Vds - 25v 


^oss 

Output Capacitance 

ALL 

- 

480 

- 

pF 

f = 1.0 MHz 


^rss 

Reverse Transfer Capacitance 

ALL 

- 

84 

- 

pF 

See Fig. 10 


RthJC 

Junction-to-Case 

ALL 

- 

- 

0.42 

°C/W 


RthJS 

Case-to-Sink 

ALL 

- 

0.10 

- 

°C/W 

Mounting surface flat, smooth, and greased 

RthJA 

J unction-to-Am bient 

ALL 

- 

- 

30 

“C/W 

Typical socket mount 

_ 


© Repetitive Rating; Pulse width limited by (D Pulse width < 300 ^s; Duty Cycle < 2% 

maximum junction temperature (see figure 5) 

Refer to current HEXFET reliability report 

@ @ Vqq = BOV, Starting Tj = 25°C, 

L = 4.9 mH, Rq = 250. 

Pfeak II = 21A. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions | 

•s 

Continuous Source Current 
(Body Diode) 

ALL 

— 

- 

21 

A 

Modified MOSFET symbol showing the integral 
Reverse p-n junction rectifier. ( 

0 

•SM 

Pulsed Source Current 
(Body Diode) © 

ALL 

- 

- 

84 

A 


y 

VSD 

Diode Forward Voltage (3) 

ALL 

- 

- 

1.8 

V 

Tj = 25°C, Is = 21A, Vgs = OV 

Vr 

Reverse Recovery Time 

ALL 

280 

580 

1200 

ns 

Tj = 25°C, Ip = 21A, di/dt = 100 A/^s 


Qrr 

Reverse Recovery Charge 

ALL 

1 

3.8 

_1 

8.1 

18 

fiC 



k>n 

Forward Turn-On Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg 

+ Ld- 
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IRF460, IRF462 



50 100 150 200 250 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 1 - Typical output characteristics. 



Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 2 - Typical transfer characteristics. 



V^g. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 



Vjjg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92GS-44230 

Fig. 4 - Maximum safe operating area. 




II 

1 

1 

■I 

■ 

■ 

■ 

■ 



t^. RECTANGULAR PULSE DURATION (SECONDS) 


Fia. 5 - Maximum effective transient thermal imoedance. iunction-to-case vs. oulse duration. 


N-CHANNEL 
POWER MOSFETs 
































































IRF460, IRF462 



Fig. 6 - Typical transconductance vs. drain current. 



Tj. JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdov\/n voltage vs. temperature. 



Vq2. DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 
Fig. 7 - Typical source-drain diode forward voltage. 



Tj. JUNCTION TEMPERATURE ( °C) 


Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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bs{on)- drain-to-source on resistance 


IRF460, IRF462 



Fig. 12- Typical on-resistance vs. drain current. Fig. 13 - Maximum drain current vs. case temperature. 





Fig. 16a- Basic gate charge waveform, 


Fig. 16b - Gate charge test circuit. 
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IRF510/511/512/513 
fRF510R/511R/512R/513R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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4-276 




















IRF510, !RF51h IRF612, IRF513 IRF510R, IRF511R, IRF512R, IRF513R 


Electrical Characteristics Tq = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF510/512, IRF51 OR/512R 


IRF511/513, IRF511R/513R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF510/511,IRF51 OR/511R 


IRF512/513, IRF512R/513R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF510/511, IRF51 OR/511R 


IRF512/513, IRF512R/513R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


TEST CONDITIONS 


LIMITS 

MIN I TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


VgS(TH) VdS = VgS. lD = 250pA 


IGSS Vgs = 20V 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 



Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


loss Vps = Max Rating, Vg$ = OV _ 

VpS = Max Rating x 0.8, Vgs = OV, 

Tj = +150OC 


«D(ON) VdS > iD(ON) X rDS(ON) Max. Vgs = 10V 


''DS(ON) Vgs = 10V, Iq = 3.4A 


VdS>50V, Id = 3.4A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 50V, Id 5.6A, Rg = 24a 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
^(OFF) I temperature) 


Vgs = 10V, Ip = 5.6A, Vds = O.SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


NOTES: 1. Tj = +250C to +150^0 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 



Tj = +250C, Is = 5.6A, Vgs = OV 


Tj = +250C, Ip = 5.6A, dlp/dt = 100A/|JS 


Tj = +250C, Ip = 5.6A, dip/dt = lOOA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


3. Repetitive Rating: Pulse width limited by max. 4. Vqd = 25V, Start Tj = +25®C, L = 910|iH, 
junction temperature. See Transient Thermal RqS = 250, IppAK = 5.6A (See Figure 15) 

Impedance Curve (Figure 5) 
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IRF510, IRF511, IRF512. IRF513 IRF510R, IRF511R. IRF512R. /RF513R 


Performance Curves 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



2 4 6 8 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



t^. RECTANGULAR PULSE DURATION (SECONDS) 

FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 

















































IRF570, IRF511, IRF512, /RF513 /RF510R, IRF511R, /RF5 72R, /RF5 73R 
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IRF510, IRF511, /RF512, IRF513 IRF510R, 1RF511R, IRF512R, IRF513R 


Performance Curves (Continued) 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


^C 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 




FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 


TEMPERATURE 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 





^ l-IARRIS fRF520/521/522/523 

fRF520R/521R/522R/523R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 8A and 9.2A, 80V - 100V 

• i'DS(o*^) = 0.27n and 0.36^1 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 




SOURCE 

DRAIN 

GATE 


Description 


The IRF520, IRF521, IRF522, and IRF523 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF520R, IRF521R, IRF522R and IRF523R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage {Rqs = SOkH) (1). Vdgr 

Continuous Drain Current 

Tc = + 250 C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tq = + 250 C.Pd 

Linear Derating Factor. 

Inductive Current, Clamped.I(_M 

(See Figure 14, L = 100|iH) 

Single Pulse Avalanche Energy Rating (4). Eas^ 

Operating and Storage Junction. Tj,TstG 

Temperature Range 

Maximum Lead Temperature for Soldering.T|_ 

(0.063” (1.6mm) from case for 10s) 


IRF520 

IRF521 

IRF522 

IRF523 


IRF520R 

IRF521R 

IRF522R 

IRF523R 

UNITS 

100 

80 

100 

80 

V 

100 

80 

100 

80 

V 

9.2 

9.2 

8 

8 

A 

6.5 

6.5 

5.6 

5.6 

A 

37 

37 

32 

32 

A 

±20 

±20 

±20 

±20 

V 

60 

60 

60 

60 

W 

0.4 

0.4 

0.4 

0.4 

W/OC 

32 

32 

28 

28 

A 

36 

36 

36 

36 

mJ 

-55 to+175 

-55 to+175 

-55 to+175 

-55 to+175 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = +25OC to +^50^C. 4. Vdd = 25V, starting Tj = +250C, L = 640fiH, Rqs = 25P, 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 'PEAK = 9-2A. 5ee Figures 15 & 16. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg |SJum|30r “f 574 1 

Copyright © Harris Corporation 1991 


4-281 


N-CHANNEL 
POWER MOSFETs 




















IRF520, /RF52 /, IRF522, IRF523 IRF520R, IRF521R, fRF522R, IRF523R 


Electrical Characteristics Tc — 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF520/522, IRF520R/522R 


IRF521/523,IRF521R/523R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF520/521, IRF520R/521R 


IRF522/623, IRF522R/523R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF520/521, IRF520R/521R 


IRF522/523, IRF522R/523R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (‘ Miller ) Charge 


Internal Drain Inductance 


TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250pA 



Internal Source Inductance 


Junction-to-Case 


Case-to-Smk 


Junction-to-Ambient 


VdS = VgS» Id = 250}iA 


IGSS Vqs = 20V 


•GSS Vqs = -20V 


loss Vps = Max Rating, Vqs = OV _ 

Vqs = Max Rating x 0.8, Vqs = OV, 

Tj = +150OC 


•D(0N) Vqs > ID(ON) X rDS(ON) Max- VqS = 10V 


'■DS(ON) Vqs = 10V, Ip = 5.6A 


Vps > 50V, Ip = 5.6A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
See Figure 10 


Vpp == 50V, Ip 9.2A, Rq == 1 on 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vqs = 10V, Ip = 9.2A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Sourc'' Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 





Tj = +250C, Is = 9.2A, Vqs = OV 


Tj = +250C, Ip = 9.2A, dlp/dt = lOOA/ps 


Tj = +250C, Ip = 9.2A, dlp/dt = lOOA/^is 


Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Lp. 




NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 25V, Start Tj = +250C, L = 640|iH, 
RqS = 25a, IpEAK = 9-2A 
(See Figures 15 & 16) 
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IRF520, IRF52 h IRF522, IRF523 /RF520R, IRF521R, IRF522R, /RF523R 


Performance Curves 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



RGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF520, IRF521, IRF522, IRF523 IRF520R, IRFS21R, IRF522R, IRF523R 
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IRF520, IRF52 /, IRF522, /RF523 IRF520R, IRF521R, IRF522R, IRF523R 


Performance Curves (Continued) 


5ohs 

TUl 








































0 8 16 24 32 40 

Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


_IRF520, IRF521J_ 

^IRF520R, IRF521R 


IRF522, IRF523 
IRF522R, IRF523r' 


25 50 75 100 125 150 175 

Tq, case temperature { °C) 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 





El = O.SBVpss Ec= 0.75BVDSS 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Vgs= iov 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


1 

——Vds 

\ 1 

/ 

/ 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


"T 

VrtQ= 10V 


PULSE WIDTH < 1;iS 
DUTY FACTOR < 0.1% 



CURRENT 

REGULATOR 


12V 10.2 -LSO 
BATTERY 'P-F 


£ +Vds 

(ISOLATED 

SUPPLY) 

ME 

PE 

DUT 


iQ CURRENT .±. Id CURRENT 
SAMPUNG RESISTOR SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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May 1992 


IRF530/531/532/533 

IRFS30R/531R/532R/533R 

N-Channei Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 12A and 14A, 80V - 100V 

• rDs(on) = 0.16a and 0.230 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF530, IRF531, IRF532, and IRF533 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF530R, IRF531R, IRF532R and IRF533R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from Integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

IRF530 

IRF530R 

100 

IRF531 

IRF531R 

80 

IRF532 

IRF532R 

100 

IRF533 

iRF533R 

80 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkO) (1). 

.VdGR 

100 

80 

100 

80 

V 

Continuous Drain Current 

Tc = +250C. 

.'d 

14 

14 

12 

12 

A 

Tc = +100OC. 

. Id 

10 

10 

8.3 

8.3 

A 

Pulsed Drain Current (3). 

.Idm 

56 

56 

48 

48 

A 

Gate-Source Voltage. 

.Vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tq = +250C. 

.Pd 

79 

79 

79 

79 

W 

Linear Derating Factor. 


0.53 

0.53 

0.53 

0.53 

W/OC 

inductive Current, Clamped. 


56 

56 

48 

48 

A 

(See Figure 14, L * 100|iH) 

Single Pulse Avalanche Energy Rating (4). 

.EaS* 

69 

69 

69 

69 

mj 

Operating and Storage Junction. 

.... Tj,TstG 

-55 to+175 

-55 to+175 

-55 to+175 

-55 to+175 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC. 


4. Vdd = 

25V, starting Tj 

= + 25 OC, L = 

530mH. Rqs = 25^, 



2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2%. IpEAK = See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 1575.2 
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IRF530, /RF53 h IRF532, /RF533 IRF530R, /RF531R, /RF532R, IRF533R 



Electrical Characteristics Tc = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF530/532, IRF530R/532R 


IRF531/533,IRF531R/533R 


Gate-Source Leakage Forward 


Zero Gate Voltage Drain Current 


On-State Drain Current {Note 2) 
IRF530/531, IRF530R/531R 


IRF532/533, IRF532R/533R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF530/531, IRF530R/531R 
1RF532/533, IRF532R/533R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller”) Charge 


Internal Drain Inductance 




Internal Source Inductance 


I 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


VgS(TH) Vds = Vgs. lD = 250pA 


IGSS Vgs = 20V 


Vgs = -20V 


Vds = Max Rating, Vgs = OV 


VdS Max Rating x 0.8, Vgs - OV, 
Tj = +1250C 


ID(ON) Vds > •D(ON) x rDS(ON) Max. VgS = 10V 


'■DS(ON) VGS = 'iOV,lD = 8.3A 


VdS>50V,Id = 8.3A 


Vgs = ov, Vds = 25v, f = i .omhz 
See Figure 10 


VdD = 50V, Id 1 4A, Rg = 1 2 n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 14A, Vds = O-SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge Is essentially Independent of 
operating temperature.) 


Ld M easu red from the 

contact screw on 
tab to center of die 

Measured from the 
drain lead, 6mm 
(0.25ln.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 


Reverse Recovery Time 


Forward Turn-on Time 


NOTES; 1. Tj = 4-250C to +150OC 

2. Pulse Test: Pulse width < 300fis, 
Duty Cycle < 2% 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Tj = +250C, Is = 14A, Vgs = OV 


Tj = +250C, Ip = 14A, dlp/dt = 1 GOA/jis 


Tj = +250C, Ip = 14A, dip/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4 . Vdd = 25V, Start Tj = +250C, L = 350}iH, 
Rqs “ 25fi, IpEAK = ‘I4A (See Figure 16) 
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IRF530, IRF531, IRF532, /RF533 /RF530R, IRF531R, IRF532R, /RF533R 


Performance Curves 



Vgg. DRAIN-TO-SOUHCE VOLTAGE (VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



Vgg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



Vgg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF530, IRF531, IRF532, IRF533 IRF530R, IRF531R, /RF532R, IRF533R 


Performance Curves (Continued) 



Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 




V 3 Q. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



-60 -40 -20 0 20 40 60 80 100 120 140 160 180 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



■-60-40 -20 0 20 40 60 80 100 120 140 160 180 

T j. JUNCTION TEMPERATURE ( °C) 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


= OV. f = IMHZ 
= Cgs + Cg. 

= Cgg 

= ^dS + Cgg Cgg 

” ^ds ^ ^gd 


Id = 

14A 



























i 

r~ 












FOR TEST CIRCUIT 
SEE FIGURE 17 


Vq 2 . DRAIN-TO-SOURCE voltage (VOLTS) 


12 18 24 

TOTAL GATE CHARGE (nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF530, IRF531, iRF532, /RF533 IRF530R, IRF531R, IRF532R, IRF533R 


Performance Curves (Continued) 



FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 

TEMPERATURE 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


Ec 



FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


Vgs= 10V 

jU 


PULSE WIDTH < 1|iS 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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fRF540/541/542/543 

fRF540R/541R/542R/543R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 25A and 28A, 80V - 100V 

• I'DSCon) = 0.077n and 0.1 OH 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


=> SOURCE 
:=> DRAIN 
S> GATE 


Description 

The IRF540, 1RF541, IRF542, and IRF543 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. 1RF540R, IRF541R, IRF542R and IRF543R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

. Vds 

IRF540 

IRF540R 

100 

IRF541 

IRF541R 

80 

IRF542 

iRF542R 

100 

IRF543 

IRF543R 

80 

UNITS 

V 

Drain-Gate Voltage {Rqs = SOkfl) (1 ) . 

.Vdgr 

100 

80 

100 

80 

V 

Continuous Drain Current 

Tc = + 25 OC. 

. Id 

28 

28 

25 

25 

A 

Tc = +100OC. 

. Id 

20 

20 

17 

17 

A 

Pulsed Drain Current (3). 

. Idm 

110 

110 

100 

100 

A 

Gate-Source Voltage. 

. Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = + 250 C. 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Inductive Current, Clamped. 

. Ilm 

108 

108 

96 

96 

A 

(See Figure 14, L = 10OfiH) 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

230 

230 

230 

230 

mJ 

Operating and Storage Junction. 

•••• Tj.Tstg 

-55 to+175 

-55 to+175 

-55 to+175 

-55 to+175 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC. 


4. Vdd = 

25V, Starting Tj 

= +25OC, L = 

440fiH, Rqs = 250, 



2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. IpEAK = 28A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2309.1 


4-291 


N-CHANNEL 
POWER MOSFETs 





















IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 


Electrical Characteristics Tq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF540/542, IRF540R/542R 


IRF541 /543, IRF541R/543R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF540/541, IRF540R/541R 


IRF542/543, IRF542R/543R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF540/541, IRF540R/541R 


IRF542/543, IRF542R/543R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250pA 




Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VdS = VgS. Id = 250^A 


•GSS Vqs = 20V 


IGSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV _ 

VdS = Max Rating x 0.8, Vgs = OV, 
Tj==+1250C 


«D(ON) Vds > ID(ON) X rDS(ON) Max» VqS = “I OV 


•■DS(ON) Vgs = 10V,Id = 17A 


Vds>50V,Id = 17A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
See Figure 10 


Vdd = 50V, Id 28A, Rg = 9.1 H 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 28A, Vds = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source b(xiding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Diode Forward Voltage (Note 2) 


Reverse Recovered Charge 


Forward Turn-on Time 


NOTES; 1. Tj = +25^0 to +150^0 

2. Pulse Test: Pulse width < SOOiiS, 
Duty Cycle < 2% 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 




Tj = +250C, Is = 27A, Vgs = ov 


Tj = +250C, Ip = 28A, dlp/dt = 10OA/^s 


Tj = +250C, Ip = 28A, dlp/dt = 100A/^s 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


3. RepetKive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 25V. Start Tj = +250c, L = 440fiH, 
Rqs “ 250, IpEAK 28A (See Figure 15) 
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IRF540, IRF541, IRF542, IRF543 IRF540R, IRF541R, IRF542R. IRF543R 


Performance Curves 
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0 10 20 30 ^10 50 

Vgg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


if) 2 



Vqs. gate-to-source voltage (volts) 

FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


-(-OPERATION IN THIS AREA LIMI 


m ' IRFS^O. 1 ' 

cr \ I 

O 2 - JRF542. 3‘ 

z ''ll 

< 10 . i 


Tg=25“C 
tVi75°C 
si'ngle pulse 


Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 





I NOTES: 

- 1 . DUTY FACTOR. D=tj/t 2 
2 . PEAK Tj=Pq,^ X Z^hjc + 


10 "^ 10 "^ 10 "^ 10~2 0.1 1 10 

t^. RECTANGULAR PULSE DURATION (SECONDS) 

FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF540. IRF541. IRF542, IRF543 IRF540R, IRF541R, IRF542R, IRF543R 




















IRF540, IRF541, IRF542. IRF543 IRF540R, IRF541R, IRF542R. IRF543R 


Performance Curves (Continued) 



0 25 50 75 100 125 

Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


IRF540, 1RF541 \ 

1RF540R, IRF541R' 

S.I I I I I 


- IRF542, IRF543^S^ 
IRF542R, IRF543rT 


25 50 75 100 125 150 175 

Iq. case temperature ( °C) 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


^1 - 1 n 

J_j _ 



VARY tp TO OBTAIN 
REQUIRED PEAK II ”GS 


"^1 - . 


El O.SBVdss Ec= 0.75BVDSS 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 




FIGURE14b. CLAMPED INDUCTIVE WAVEFORMS 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


CURRENT 

REGULATOR 


> + Vds 
(ISOLATED 
SUPPLY) 


PULSE WIDTH < 1;iS 
DUTY FACTOR < 0.1% 



12 V 10.2 J-50 t 
BATTERY '>4.F 


? 1 OUT 




--A/\Ar-+-AAAr--o -Vps 
IG CURRENT Ip CURRENT 
SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

• 2.6A and 3.3A, 150V - 200V 

• l’DS(0>^) = 2ACI 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF610, IRF611, IRF612, and 1RF613 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF610R, IRF611R, IRF612R and IRF613R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


IRF 6 IO/ 61 1/612/613 
IRF610R/611R/612R/613R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Package 

TO-220AB 
TOP VIEW 


DRAIN '-' 

..> SOURCE 

(FLANGE) Q —-- 

DRAIN 

1 — ^ - 

SS> GATE 

Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 

D 




6 

s 



Drain-Gate Voltage {Rqs ® 
Continuous Drain Current 

Tc * +25OC. 

Tc = +100OC. 

Pulsed Drain Current (3).. 


Maximum Power Dissipation 


Linear Derating Factor. 

Inductive Current, Clamped .. 
(See Figure 14, L=100|iH) 


Temperature Range 
Maximum Lead Temperature for Soldei 
(0.063” (1.6mm) from case for 10s) 


NOTES; 

1. Tj = + 25 OC to +150OC. 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 



IRF610 

IRF611 

IRF612 

IRF613 



IRF610R 

IRF611R 

IRF612R 

IRF613R 

UNITS 

• Vds 

200 

150 

200 

150 \ 

V 

Vdgr 

200 

150 

200 

150 

V 

...Id 

3.3 

3.3 

2.6 

2.6 

A 

...Id 

2.1 

2.1 

1.6 

1.6 

A 

• •Idm 

8 

8 

6.5 

6.5 

A 

■ VqS 

±20 

±20 

±20 

±20 

V 

...Pd 

43 

43 

43 

43 

W 


0.34 

0.34 

0.34 

0.34 

W/OC 

• • Ilm 

10 

10 

8.0 

8.0 

A 

..•Eas* 

46 

46 

46 

46 

mJ 

o 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

...Tl 

300 

300 

300 

300 

OC 


4. VoD = 

50V, starting Tj 

= +25OC, L = 

6.4mH, Rqs = 250, 



IpEAK “ 3.3A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRF610, IRF61 h IRF612, IRF613 IRFGIOR, /RF611R, /RF612R, IRF613R 


Electrical Characteristics Tq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF610/612, IRF61 OR/612R 


IRF611/613, IRF611R/613R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF610/611, IRF61 OR/611R 


IRF612/613, IRF612R/613R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF610/611, IRF61 OR/611R 


IRF612/613, IRF612R/613R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250pA 


VdS = VgS. lD = 250fjA 


Vgs = 20V 


Vgs = “20V 


VdS = Max Rating, Vgs = OV 


Vds = Max Rating x 0.8, Vgs = OV, 
Tj = +1250C 


Vds > btON) X rpstON) Max. Vqs = 10 V 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller") Charge 


Internal Dram Inductance 


Internal Source Inductance 


''DS(ON) Vgs = 1 ov, Id = 1 .6 a 


Vds > 50V, Id = i.6a 


Vgs = ov, Vds = 25v, f = i .omhz 
S ee Figure 10 


Vdd = 10OV, Id - 3.3A, Rg = 240. 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = ^ OV, Ip = 3.3A, Vds = O-SV Max 
Rating. See Figure 17 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.2 5") from header 
and source bonding 
pad. 




Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


R0JC 


f^OCS Mounting surface flat, smooth and greased 


R0 JA a*'' operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET eioo4 .gem^ 

symbol showing the jT 

integral reverse / • 

P-N junc. rectifier. 9 I I 


Tj = +250C, Is = 3.3A, Vgs = OV 


Tj = +250C, Ip = 3.3A, dlp/dt = 10OA/fis 


Tj = +250C, Ip = 3.3A, dlp/dt = lOOA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


Continuous Source Current 
(Body Diode) 

«S 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


NOTES: 1. Tj = +25^0 to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vdd = 50V, Start Tj = +250C, L = 6.4mH, 
RqS ~ 250, IpEAK ~ 2.3A (See Figure 15) 
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IRF610, IRF611. IRF612. IRF613 IRF610R, IRF611R, IRF612R. /RF613R 



4-298 
























































IRF610. IRF611, IRF612, IRF613 /RF610R, IRF611R, IRF612R, IRF613R 
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IRF610, IRF611, IRF612, IRF613 IRF610R, IRFGtlR, IRF612R, IRF613R 


Performance Curves (Continued) 



FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 



Jq. case temperature CO 

FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 



FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 




PULSE WIDTH < 1/1.8 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 
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Features 

• 2.0A,250V 

• i’dS(ON) = 2.0Q 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

• Operating Temperature 

Description 

The IRF614 (TA17443) is an n-channel enhancement-mode 
silicon-gate power field-effect transistor designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These 
advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These transistors can be operated 
directly from Integrated circuits. 

The 1RF614 is supplied in the JEDEC TO-220AB plastic 
package. 


Package 

TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) ^ 

u° 


. SOURCE 

• DRAIN 

• GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRF614 

UNITS 

Drain-Source Voltage (1). 

• • Vps 

250 

V 

Drain-Gate Voltage. 

• • Vdgr 

250 

V 

Continuous Drain Current 




Tc = +25°C. 

.. Ip 

2.0 

A 

Tc = +100°C. 

. . Iq 

1.3 

A 

Pulsed Drain Current (2). 

• • Idm 

8.0 

A 

Gate-Source Voltage... 

• • Vqs 

±20 

V 

Maximum Power Dissipation ... 

.. Pd 

20 

W 

Linear Derating Factor.. 


0.16 

W/°C 

Single Pulse Avalanche Rating (3) (See Fig. 14). 

• • Eas 

61 

mj 

Operating and Storage Temperature. 

• • Tj, Tstg 

-55 to+150 

°C 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

..Tl 

300 

OC 

NOTES: 




1 . Tj=:+26®Cto+150®C. 




2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 

3. Vdd == 50V, Starting Tj = +25°C, L = 21 mH, Rq = 250, Peak II = 2.2A. 





CAUTION: These devices are sensitive to eiectrostatic discharge. Users shouid follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 
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Specifications IRF614 


Electrical Characteristics Tq = +25°C. Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Gate-Source Leakage Current 


Zero Gate Voltage Drain Current 


On-State Drain Current 



On Resistance (Note 1) 


Forward Transconductance (Note 1) 


Input Capacitance 


Turn-Off Delay Time 


Internal Drain Inductance 



Internal Source Inductance 


Junction to Case 


Case-to-Sink 


Junction to Ambient 


Vqs = 10V, Ip = 2.0A Vps = 0.8 x Max Rating. 
See Figure 17 for test circuit (Gate charge is es¬ 
sentially independent of operating temperature) 


Measured from the 
drain lead, 6mm 
(0.25") from package 
to center of die. 


Measured from the 
source lead, 6mm 
(0.25“) from header 
and source bonding 
pad. 


Rees Mounting surface flat, smooth and greased 



RejA Free air operation 



Source-Drain Diode Ratings and Characteristics 


80 ®C/W 


Continuous Source Current 
(Body Diode) 


Pulse Source Current (Body Diode) 
(Note 2) 


Diode Forward Voltage (Note 1) 


Reverse Recovery Time 


Reverse Recovery Charge 


Forward Turn-on Time 


NOTES: 1. Pulse Test: Pulse width < SOOps. 
Duty Cycle ^ 2% 



Modified MOSFET 
symbol showing the 
integral reverse P-N 
junction rectifier. 


j = +25°C, Isd = 2.0A,Vgs = 0V 


Tj = +25°C, IsD = 2.0A, dlso/dt = lOOA/ps 


Tj = +25°C, IsD = 2.0A, dlso/dt = lOOA/ps 



Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by L 


2. Repetitive Rating: Pulse width limited by max. junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 
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IRF614 


Performance Curves 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



Vqs. DRAIN-TO-'SOUBCE voltage (VOLTS) 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 4. MAXIMUM SAFE OPERATING AREA 



RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION>TO<CASE vs PULSE DURATION 










































































IRF614 


Performance Curves (continued) 



Iq, drain current (amperes) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN CUR¬ 
RENT 



SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



Tj. JUNCTION TEMPERATURE ( ®Cl 



Tj. JUNCTION TEMPERATURE ( °C) 


FIGURE 8 BREAKDOWN vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs TEMPERATURE 




Qg. TOTAL GATE CHARGE (nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE VOLTAGE 






















IRF614 


Performance Curves (Continued) 



2 4 6 B 10 

Iq. drain current (AMPERES) 



Jr. CASE TEMPERATURE ( °C) 


• 12. TYPICAL ON-RESISTANCE vs DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE TEMPERA¬ 
TURE 


VARYtp TO OBTAIN 
REQUIRED PEAK li. 

T|- 

S = 10V ^ 

XJ I_ 




FIGURE 14a. UNCLAMPED INDUCTIVE TEST CIRCUIT FIGURE 14b. UNCLAMPED INDUCTIVE LOAD TEST WAVE¬ 

FORMS 


CURRENT 

REGULATOR 


+Vds 

(ISOLATED 

SUPPLY) 


DUTY FACTOR ^ 0.001 


DUT 

Rq I 

Q ' 






FIGURE 15. SWITCHING TIME TEST CIRCUIT 


12V i 
BATTERY I 


►50 I V 
1 i 0.3hF 


II ■'•Si 


SAME TYPE 
AS DUT 


-AVSr--f--VvV--<> -Vds 

Iq CURRENT Iq CURRENT 

SAMPLING SAMPUNG 

RESISTOR RESISTOR 

FIGURE 16. GATE CHARGE TEST CIRCUIT 


4-305 


N-CHANNEL 
POWER MOSFETs 








@ HARRIS IRF620/621/622/623 

IBF620R/621R/622R/623R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 4.0A and 5.0A, 150V - 200V 

• rQs(on) = 0.80 and 1.20 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF620, IRF621, IRF622, and IRF623 are n-channel Terminal Diagram 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF620R, IRF621R, IRF622R and IRF623R types are N-CHANNEL ENHANCEMENT MODE 

advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high G 

speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic S 

package. 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs = 20 kfl) (1).VpGR 

Continuous Drain Current 

Tc = +250C. Ip 

Tc = +100OC. Ip 

Pulsed Drain Current (3).IpM 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pp 

Linear Derating Factor. 

Inductive Current, Clamped. IlM 

(See Figure 14, L=100iiH) 

Single Pulse Avalanche Energy Rating (4). Eas^ 

Operating and Storage Junction. Tj,Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRF620 

IRF621 

IRF622 

IRF623 


IRF620R 

IRF621R 

IRF622R 

IRF623R 

UNITS 

200 

150 

200 

150 

V 

200 

150 

200 

150 

V 

5.0 

5.0 

4.0 

4.0 

A 

3.0 

3.0 

2.5 

2.5 

A 

20 

20 

16 

16 

A 

±20 

±20 

±20 

±20 

V 

40 

40 

40 

40 

W 

0.32 

0.32 

0.32 

0.32 

W/OC 

20 . 

20 

16 

16 

A 

85 

85 

85 

85 

mj 

-55 to +150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = +25OC to +150OC. 4. Vdd = 10V, starting Tj = +250C, L = 6.18mH, Rqs = 500, 

2. Pulse Test: Pulse width < 300)js, Duty Cycle < 2%. IPEAK = 5A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Mymber 1 577 1 

Copyright © Harris Corporation 1991 c c y t . 
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!RF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 

Electrical Characteristics Jq - 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF620/622, IRF620R/622R 


IRF621/623, IRF621R/623R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF620/621, IRF620R/621R 


IRF622/623, IRF622R/623R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF620/621, IRF620R/621R 


IRF622/623, IRF622R/623R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VgS(TH) VdS = VqS. >D = 250mA 


IGSS Vgs = 20V 


'GSS Vgs = -20V 


loss Vps = Max Rating, Vgs = QV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


Id(ON) Vds > Id(ON) X rDS(ON) Max» Vqs = ^ OV 


rDS(ON) Vgs = 10V,Id = 2.5A 


Vgs = ov, Vds = 25v, f = 1 .omhz 

See Figure 10 


Vdd = 2.5BVDSS, Ip = 5.0A, Rq = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = OV, Ip = 5.0A, Vds = O-SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Puise Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 


frr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +2 50 c, Is = 5.0A, Vgs = ov 


Tj = +150OC, Ip = 5.0A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = 5.0A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. VpD = 10V, Start Tj = +250C. L * 6.18mH, 
Rqs “ 50fl, IpEAK ~ (See Figure 15) 
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IRF620, IRF621, IRF622, IRF623 IRF620R, IRF621R, IRF622R, IRF623R 



0 20 40 60 80 100 

Vos. OBAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. ^ — Typical Output Characteristics 



0 2 4 6 8 10 

Vqs. gate to source voltage (VOLTS) 


Fig. 2 - Typical Transfer Characteristics 



Fig. 3 — Typical Saturation Characteristics 



Vqs, grain to source VOLTAGE (VOLTS) 

Fig. 4 — Maximum Safe Operating Area 
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IRF620, IRF621. IRF622, IRF623 /RF620R, IRF621R, IRF622R. IRF623R 


Iq, drain current (AMPERES) 

Fig. 6 ^ Typical Transconductance Vs. Drain Current 


Vso.SOURCE TO GRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 




Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 — Breakdown Voltage Vs. Temperature 


Tj. JUNCTION TEMPERATURE (OC) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 


vgs = Q 

I ('= 1 MHz 1 

" ^tsi * ^98 ^ ^9d» ^ds SHORTED - 
Cgd 

Cgd 















Vos 

_ 

40V > 








160V 

Vos = 

F620 

100V> 

^ 622 


2 

Y 







_^ 


T 





A 




7 






W 









/ 

f 




Id-6A 

FOR TEST CIRCUIT 


f 





SEE FIGURE 17 

till 


VqS. drain to SOURrE VOLTAGE (VOLTS) 

Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 


Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF620. IRF621. IRF622. IRF623 IRF620R, IRFG21R, IRF622R, IRF623R 



lO. DRAIN CURRENT (AMPERES) 


Tq.CASE TEMPERATURE (°C) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 


Fig. 13 — Maximum Drain Current Vs. Case 
Temperature 


Vgs-IOV 



= 0.5 BVq35 Eq 



C 

0.05A 

-AAA-' 

= 0.75BVqss 




Fig. 14a — Clamped Inductive Test Circuit 


'^DS 



Ec 




Vdd 


Fig. 15b — Undamped Energy Waveforms 
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August 1991 


IRF624, IRF625 
IRF626, IRF627 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 3.8A and 3.3A, 250V - 275V 

• and I.SH 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 250/275V DC Rating - 120V AC Line System Operation 


Package 


TO-220AB 
TOP VIEW 



Description 

The IRF624, IRF625, IRF626, and IRF627 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 

iRF624 IRF625 IRF626 IRF627 UNITS 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rgs = 20kiT) (1). Vdqr 

Continuous Drain Current 

Tc = + 250 C. Id 

Tc = +1000C. Id 

pulsed Drain Current (3). Idm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Single Pulse Avalanche Energy Rating (4). Eas 

Operating and Storage Junction.'i’j»TSTG 

Temperature Range 

Maximum Lead Temperature for Sol dering. Tl 

(0.063” (1.6mm) from case for 10s) 


250 

250 

275 

275 

V 

250 

250 

275 

275 

V 

3.8 

3.3 

3.8 

3.3 

A 

2.4 

2.1 

2.4 

2.1 

A 

15 

13 

15 

13 

A 

±20 

±20 

±20 

±20 

V 

40 

40 

40 

40 

W 

0.32 

0.32 

0.32 

0.32 

W/OC 

120 

120 

120 

120 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

oc 


NOTES: 

1. Tj = +25OC to +150OC 4. Vqd = 50V, starting Tj = +250C. L = 13.6mH. Rqs = 250, 

2. Pulse Test; Pulse width < 300|jis, Duty Cycle < 2%. IpEAK ” 3.8A. See Figures 14 & 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 2107 1 

Copyright © Harris Corporation 1991 
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Specifications IRF624, /RF625, fRF626^ /RFS?? 


Electrical Characteristics Tq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 

IRF624, IRF625 


IRF626. IRF627 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF624JRF626 


IRF625, IRF627 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF624, IRF626 


IRF625, IRF627 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdsS Vgs = 0V.Id = 250pA 


VgS(TH) Vqs = VqS. b = 250 |iA 


«GSS Vgs = 20V 


•GSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV 

Vds = Max Rating x 0.8, Vgs = OV, 
Tj = +1250C 


•D(0N) Vds > iD(ON) x rDS(ON) Max» Vgs ^ W 


rDS(ON) Vgs = 10V, Id = 1.- 


VdS = 2xVgsJdS=1-9A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
See Figure 10 




Vdd = 1 25V, Id = 3 . 8 A, Rq = 1 sn 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 3.8A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


R0CS Mounting surface flat, smooth and greased 


B0JA Free air operation 






3.12 OC/W 


0.5 - PC/W 


80 oC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 



■Hi 


Tj = +25OC, Is = 3.8A, Vgs = ov 


Tj = +25OC, If = 3.8A, dlp/dt = 100A/|is 


Tj =+250C, Ip = 3.8A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-ron 
speed is substantially controlled by Ls + i-D- 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|lis, Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by max. junction 
temperature. See Transient Thermal Impedance Curve (Figure 5) 


4. Vqp = 2oy, starting Tj := +250C, L. = 3.37mH, Rqs = 500, 

IpEAK “ QA. See Figure 15. ; 
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DRAIN CURRENT (AMPERES) ^0* DRAIN CURRENT (AMPERES) 


IRF624, IRF625, IRF626, JRF627 



25 50 75 10b 125 

Vqs. ORAIN-TO-SOURCE voltage (VOLTS) 

Fig. 1 — Typical Output Characteristics 




Vqs. 6ATE-T0-S0URCE VOLTAGE (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 


= OPERATION IN THIS AREA LIMITEDr 
: BYRdS(ON) _- 


EiRF625,IRF6275 




[SINGLE PULSE 
1 2 5 ,0 2 5 i02 2 5 

Vds- DRAIN-TO-SOURCE voltage (VOLTS) 


Vqs. ORAIN-TO-SOURCE voltage (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 
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IRF624. IRF625, IRF626. IRF627 



tj. RECTANGULAR PULSE DURATION (SECONDS) 

Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Fig. 6 — Typical Transconductance Vs. Drain Current 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 




-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj. JUNCTION TEMPERATURE { °C) 


Fig. 8 — Breakdown Voltage I/s. Temperature 


Fig. 9 — Normalized On-Resistance Vs. Temperature 
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1000 


IRF624, IRF625, IRF626, IRF627 



Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



1 q . drain current (AMPERES) 

Fig. 12 — Typical On-Resistance Vs. Drain Current 



Fig. 14 — Undamped Energy Test Circuit 




Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



25 50 75 100 125 150 

Tc. CASE TEMPERATURE (°C) 

Fig. 13 — Maximum Drain Current Vs. Case Temperature 


^^DSS 



Fig. 15 — Undamped Energy Waveforms 



Fig. 16 — Switching Time Test Circuit 


Fig. 17 — Gate Charge Test Circuit 
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^ HARRIS IRF630/631/632/633 

IRF630R/631R/632R/633R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 8.0A and 9.0A, 150V - 200V 

• •'Ds(^^) = o.en 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF630, IRF631, IRF632, and IRF633 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. 1RF630R, IRF631R, IRF632R and 1RF633R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tq =+250C), Unless Otherwise Specified 

IRF632 IRF633 

1RF632R IRF633R UNITS 

200 150 V 

200 150 V 

8.0 ■ 8.0 A 

5.0 5.0 A 

32 32 A 

±20 ±20 V 

75 75 W 

0.6 0.6 W/OC 

32 32 A 

150 150 mi 

-55 to+150 -55 to+150 ©0 

300^^^ OC 


NOTES: 

1. Tj =+25OC to+150OC. 

2. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 

CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg, jsjumber 1 578 1 

Copyright © Harris Corporation 1991 


4. Vdd = 20V, starting Tj = +250C. L = 3.37mH, Rqs “ 500, 
IpEAK ~ Figure 15. 




IRF630 

IRF631 



IRF630R 

IRF631R 

Drain-Source Voltage (1)... 

.Vds 

200 

150 

Drain-Gate Voltage (Rqs “ SOkfl) (1)... 

.VdGR 

200 

150 

Continuous Drain Current 




Tc = + 25 OC... 

.. Id 

9.0 

9.0 

Tc = +100OC .. 

.Id 

6.0 

6.0 

Pulsed Drain Current (3). 

.idm 

36 

36 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

Maximum Power Dissipation 




TC-+ 250 C.. 

.Pd 

75 

75 

Linear Derating Factor. 


0.6 

0.6 

Inductive Current, Clamped. 

.Ilm 

36 

36 

(See Figure 14, L=*100 |jH) 




Single Pulse Avalanche Energy Rating (4). 

.Eas* 

150 

150 

Operating and Storage Junction. 

TJiTsTG 

-55 to+150 

-55 to+150 

Temperature Range 




Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 


(0.063” (1.6mm) from case for 10s) 


Package 

T 0 - 220 AB 
TOP VIEW 


SOURCE 

DRAIN 

(SATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

:'d: ; 


G 


S 
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IRF630, IRF63h IRF632, IRF633 /RF630R. /RF631R. /RF632R. /RF633R 
Electrical Characteristics Tq = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF630/632, IRF630R/632R 


IRF631 /633, IRF631R/633R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF630/631, IRF630R/631R 


IRF632/633, IRF632R/633R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF630/631, IRF630R/631R 


IRF632/633, IRF632R/633R 


Forward Transconductance (Note 2) 


input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250pA 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


VdS = VgS. lD = 250pA 


IGSS Vqs = 20V 


•GSS Vqs = -20V 


loss Vps ~ Max Rating, Vqs = OV _ 

Vds = Max Rating x 0.8, Vqs = OV, 

Tj = +1250C 


Id(ON) Vds > •D(ON) x rDS(ON) Max. VqS = ^ OV 


''DS(ON) Vqs = 10V, Ip = 5.0A 


Vds > •D(ON) X RDS(ON)Max, Iq = 5.0A 


Vqs = OV, Vds = 25v, f = 1 .omhz 
S ee Figure 10 


Vdd = OOV, Id = 9.0A, Rq = 9.1 CL 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vqs = OV, Ip = 9.0A, Vds = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

»SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

Vr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +250C, Is = 9.0A, Vqs = OV 


Tj = +150OC. Ip = 9.0A, dip/dt = 10OA/jis 


Tj = +150OC, Ip = 9.0A, dIp/dt = 10OA/ns 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < SOOjjis, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 20V, Start Tj = +250C, L = 3.37mH, 
RqS ~ son, IppAK ~ (See Figure 16) 
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ZthJC(t)/R|hJG< normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


IRF630, IRF631. IRF632, IRF633 IRF630R, IRF631R. IRF632R, IRF633R 



0 20 40 60 80 100 


Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics 



0 1 2 3 4 S 6 7 


Vos. gate TO SOURCE VOLTAGE (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



0 1 2 3 4.5 


Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



2 

1.0 
0.5 

0.2 
0.1 
0.05 

0.02 
0.01 

10-5 2 5 JO-4 2 5 jq-S 2 5 jo-2 2 5 jq-I 2 5 jq 2 5 jq 

M. SOUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRF630, IRF631, IRF632, IRF633 IRF630R, IRF631R, IRF632R. IRF633R 




Vso.SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



-40 0 40 80 120 160 


Tj. JUNCTION TEMPERATURE (OCI 

Fig, 8 — Breakdown Voltage Vs. Temperature 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



Vos. DRAIN-TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 8 16 24 32 40 

Qg, total gate charge (nC) 

Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRF630, IRF631, IRF632, /RF633 IRF630Ri tRF631R, IRF632R, IRF633R 




Iq, drain current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Fig. 12 •— Typical On-ResIstance Vs. Drain Current Fig. 13 — Maximum Drain Current Vs. Case 

Temperature 



Fig. 14a — Clamped Inductive Test Circuit 


Fig. 15a — Undamped Energy Test Circuit 





SAMPLING RESISTOR - SAMPLING RESISTOR 
Fig. 17— Gate Charge Test Circuit 
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Features 

• 8.1A and 6.5A, 250V - 275V 

• = 0.45n and 0.68n 

• Single Pulse Avalanche Energy Rated 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275/250V DC Rating - 120V AC Line System Operation 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Description 

The IRF634, IRF635, IRF636, and IRF637 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRF634 

IRF635 

IRF636 

IRF637 

UNITS 

Drain-Source Voltage (1) ....... 

.Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs == SOkfl) (1). 

Continuous Drain Current 

.Vdgr 

250 

250 

275 

275 

V 

Tc = +250C.. 

. Id 

8.1 

6.5 

8.1 

6.5 

A 

Tc = +100OC..... 

•. Id 

5.1 

4.1 

5.1 

4.1 

A 

Pulsed Drain Current (3)...... 

.Idm 

32 

26 

32 

26 

A 

Gate-Source Voltage........... 

Maximum Power Dissipation 

..Vgs 

±20 

±20 

±20 

±20 

V 

Tc = +250C .. 

.Pd 

75 

75 

75 

75 

W 

Linear Derating Factor.. 


0.6 

0.6 

0.6 

0.6 

W/OC 

Single Pulse Avalanche Energy Rating (4)...... 

..eas 

180 

180 

180 

180 

mJ 

Operating and Storage Junction...... 

•••• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering ..... 

•..Tl 

300 

300 

300 

300 

oc 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj =+25OC to+150OC 

2. Pulse Test: Pulse width ^SOOjis, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (figure 5). 


4. Vdd = 50V, starting Tj = +25OC, L = fSmH, Rqs = 250, 
IpEAK ~ 8.1 A. See Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications iRF634, IRF635, IRF636, IRF637 
Electrical Characteristics Tc = 250c, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRF636,IRF637 

BVdsS 

IRF634, IRF635 


Gate Threshold Voltage 

B^SSII 

Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

igss 

Zero Gate Voltage Drain Current 

'dss 

On-State Drain Current (Note 2) 
IRF634,IRF636 

•D(0N) 

IRF635,IRF637 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF634,IRF636 

rDSfON) 

IRF635, IRF637 


Forward Transconductance (Note 2) 

gfs 

Input Capacitance 

C|SS 

Output Capacitance 

Coss 

IIIIIIHilllllllllllllllllM 

CrsS 

Turn-On Delay Time 

dSESII 

Rise Time 

tr 

Turn-Off Delay Time 

td(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

11^1 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 

Internal Source Inductance 

LS 

Junction-to-Case 

R0JC 

Case-to-Sink 

Rees 

Junction-to-Ambient 

R0JA 


TEST CONDITIONS 


VgS = 0V,Id = -250pA 


VdS = VgS. lD = -250fiA 


Vgs = 20V 


Vgs = 20V 


VdS = Rating, Vqs = OV 


Vqs = Max Rating x 0.8 , Vqs = OV, 
Tj = +1250C 


VdS > ID{0N) X rDS(ON) Max» Vgs * ^ 0\f 


LIMITS 

TYP I MAX UNITS 


Vgs = 10V, Id = 4.1 A 


VdS = 2xVgsOV,Id = 4.1A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
I See Figure 10 


Vdd = 125V, Id - 8.1 A, Rg = 1 2Cl 
See Figure 16. {MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10 V, Ip = 8.1 A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




1.67 1 

OC/W 

- 

OC/W 

80 

oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^^ 

symbol showing the 

SI 

- 


8.1 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / . i—.- 

P-N junc. rectifier. G 1 hn 

n 

- 


32 

H 



i 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 8.1 A, Vqs = OV 


- 

- 

2.0 

V 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 8.1 A, dlp/dt = 10OA/ps 

92 

180 

390 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 8.1 A, dlp/dt = 10OA/ps 

0.63 

1.3 

2.7 

fiC 

Forward Turn-on Time 

Ion 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

” 

“ 

” 

" 


NOTES: 1. Tj = +25®C to +150®C 3. Repetitive Rating: Pulse width limited by max. 4. Vqd = 50V, Start Tj = +25®C, L = 4.5mH, 

2. Pulse Test: Pulse width < 300|iS, junction temperature. See Transient Thermal RqS = 250, IpEAK ** 8.1 A 

Duty Cycle < 2% Impedance Curve (Figure 5) (See Figures 14 & 15) 
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DRAIN CURRENT {AMPERES) 1^.. DRAIN CURRENT (AMPERES) 


IRF634, IRF635. 


PH 


QHjl 



—1 

IH 

HI 




HI 

IHi 

HI 





M 

IBH 

■■ 





1 

1 

IM 



I 

1 



■ 

■ 

■i 



1 

1 



1 

I 

■■ 



1 

I 

1 

I 

■ 

■ 










MH 







m 

ml 

























KMII 


Ol _L—.1_I > i I 

0 25 50 75 100 125 

Vqs. ORAIN-TO-SOURCE voltage (VOLTS) 

Fig. 1 — Typical Output Characteristics 



Fig. 3 — Typical Saturation Characteristics 


Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



1 2 ® 10 2 ® io2 2 5 ^0 

Vos- DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 










































IRF634, /RF635, IRF636, IRF637 



t^. RECTANGULAR PULSE DURATION (SECONDS) 

Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 




Vs0. SOURCE-TO-DRAIN VOLTAGE '(VOLTS) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



Tj. JUNCTION TEMPERATURE ( °C) 

Fig. 8 — Breakdown Voltage \/s. Temperature 


Fig. 7 — Typical Source-Drain Diode Forward Voltage 
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bS(on)- DRAIN-TO-SOURCE ON RESISTANCE C. CAPACITANCE (pF) 


IRF634, IRF635, /RF636, IRF637 



Vqs- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 10 — Typical Capacitance Vs. Drain-io-Source Voltage 



Qg. total gate CHARGE (nC) 

Fig. 11 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Ig. DRAIN CURRENT (AMPERES) 



Tg. CASE TEMPERATURE (X) 


Fig. 12 — Typical On-Resistance Vs. Drain Current 




Fig. 13 — Maximum Drain Current Vs. Case Temperature 



Fig. 15 — Undamped Energy Waveforms 



SAMPLING RESISTOR “ SAMPLING RESISTOR 


Fig. 16 — Switching Time Test Circuit 


Fig. 17 — Gate Charge Test Circuit 
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IRF640/641/642/643 
IRF640R/641R/642R/643R 

N-Channei Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 16A and 18A, 150V - 200V 

• r0s(o*i) = 0-1 sn and 0.22CI 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Description 

The IRF640, IRF641, IRF642, and IRF643 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF640R, IRF641R, IRF642R and IRF643R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

IRF640 

IRF640R 

200 

IRF641 

IRF641R 

150 

iRF642 

iRF642R 

200 

IRF643 

IRF643R 

150 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkfl) (1). 

.Vdgr 

200 

150 

200 

150 

V 

Continuous Drain Current 

Tc = +250C. 


18 

18 

16 

16 

A 

Tc = +100OC. 

.Id 

11 

11 

10 

10 

A 

Pulsed Drain Current (3). 

.Idm 

72 

72 

64 

64 

A 

Gate-Source Voltage. 

.Vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Inductive Current, Clamped .. 

.ILM 

72 

72 

64 

64 

A 

(See Figure 14, L = 10OimH) 

Single Pulse Avalanche Energy Rating (4). 

..Eas* 

580 

580 

580 

580 

mJ 

Operating and Storage Junction. 

Tj.TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” {1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OCto+1500C. 


4. Vdd = 

50V, starting Tj 

= +25OC, L = 

2.7mH. Rqs = 25n, 



2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal impedance Curve (Figure 5). 

*R Suffix Types Only 


•peak “ ^8 A. 5ee Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1585.1 
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IRF640, IRF64 /, IRF642, IRF643 IRF640R, /RF641R, IRF642R, IRF643R 


Electrical Characteristics Tq = 250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRF640/642, IRF640R/642R 

BVdsS 

IRF641/643, IRF641R/643R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 

'GSS 

Gate-Source Leakage Reverse 

•gss 

Zero Gate Voltage Drain Current 

idss 

On-State Drain Current (Note 2) 
IRF640/641, IRF640R/641R 

•D(0N) 

IRF642/643, IRF642R/643R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF640/641, IRF640R/641R 

'’DS(ON) 

IRF642/643, IRF642R/643R 


Forward Transconductance (Note 2) 

9fs 

input Capacitance 

C|SS 

Output Capacitance 

Goss 

Reverse Transfer Capacitance 

Crss 

Turn-On Delay Time 

BSS8I 

Rise Time 

1 V 

Turn-Off Delay Time 

ISIS33I 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Ggs 

Gate-Drain (“Miller”) Charge 

Ggd 

Internal Drain Inductance 

Ld 


TEST CONDITIONS 


VdS = VgS» Id = 250mA 


Vqs = 20V 


Vgs = -20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tj = +12500 


Vds > 'D{0N) X rDS(ON) Max» Vqs = ^ OV 



Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Vds > 50V, Id = ioa 


Vgs = OV, Vds = 25V,f = 1 .OMHz 
S ee Figure 10 


Vdd = 10OV, Id = 18A, Rq = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-Njunc. rectifier. G 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 18A, Vqs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 18A, dlp/dt = 10OA/jis 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 18A, dip/dt = 10OA/jis 

Forward Turn-on Time 

tON 

Intrinsic turn-on time Is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj = +250C to +1500C 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. VpD = 20V, Start Tj = +250C, L = 3.37mH, 
Rqs “ 250, IpEAK = fSA (See Figure 15) 
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IRF640, IRF641, IRF642, IRF643 IRF640R, IRF641R, IRF642R, IRF643R 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 





























iRF640, IRF64 h IRF642, IRF643 /RF640R. !RF641R, IRF642R, IRF643R 


Performance Curves (Continued) 



FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



Tj. JUNCTION TEMPERATURE ( °C) 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 




Vgg. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE FIGURE 9. NORMALIZED ON-RESISTANCE vs 

TEMPERATURE 




FIGURE to. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 

VOLTAGE GATE-TO-SOURCE VOLTAGE 





























IRF640, IRF641, IRF642, /RF643 IRF640R, IRF641R. IRF642R, /RF643R 


Performance Curves (Continued) 




FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 

TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Vgs=10V 



''ds i it 


DUT 


= Ec 

I o.osa 


WV—• 


rx 


El » O.SBVpss Ec= 0.75BVDSS 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 



WAVEgem Eq 



rn 



—tp —^ 


—Vps 


‘L 

1 






t 

El 


BVdsS UNWAVEgem 





—Vps 

IL 

-y 

\ 



1 / 

1/ 




FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

• 13A and 14A, 250V - 275V 

• rDS(on) = 0.28n and 0.340 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275/250V DC Rating - 120V AC Line System Operation 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


=> SOURCE 
=» DRAIN 
=>GATE 


Description 

The IRF644, IRF645, IRF646, and IRF647 are advanced power 
MOSFETs designed, tested and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRF-types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tq = - 1 - 250 C), Unless Otherwise Specified 





IRF644 

IRF645 

IRF646 

IRF647 

UNITS 

Drain-Source Voltage (1). 

.Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs = 20kn) (1). 

.VdGR 

250 

250 

275 

275 

V 

Continuous Drain Current 







Tc = +250C. 

.Id 

14 

13 

14 

13 

A 

Tc = +100OC. 

. Id 

8.8 

8.0 

8.8 

8.0 

A 

Pulsed Drain Current (3). 

.Idm 

56 

52 

56 

52 

A 

Gate-Source Voltage. 

.Vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 







Tc = +250C. 

.Pd 

125 

125 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

1.0 

1.0 

W/OC 

Single Pulse Avalanche Energy Rating (4). 

.Eas 

550 

550 

550 

550 

mJ 

Operating and Storage Junction. 

•••• Tj,TstG 

-55 to+150 

-55 to +150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 







Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

oc 


(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj = +250Cto +150^0 

2. Pulse Test: Pulse width < 300)iS, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


4. VoD = 50V, starting Tj = +25<>C, L = 4.5mH, Rqs = 250, 
*PEAK ~ Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2169.1 


4-331 


N-CHANNEL 
POWER MOSFETs 


















Specifications iRF644, IRF645, IRF646, /RF647 

Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF646,IRF647 


IRF644, IRF645 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF644, IRF646 


IRF645,IRF647 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF644, IRF646 



TEST CONDITIONS 


LIMITS 

MIN I TYP 1 MAX UNITS 


BVdSS Vgs = 0V.Id = 250mA 




Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Tirne 


Rise Time 


Turn-Off DelayTime 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


internal Source inductance 


Junction-to-Case 


Case-to-Sink 


\ Junction-tp-Ambient 


VgS(TH) Vds = Vgs» Id = -250mA 


•GSS_Vgs = 20V _ 


IGSS Vgs = 20V 


loss Vps = Max Rating, Vgs “ OV __ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


•D(0N) Vds > •D(ON) x rDS(ON) Max. Vgs = 10V 


rDS(ON) Vgs = 10V,Id = 8A 


Vds > 50V,Id = 8 A 


Vgs = ov, Vds=25v, f =1 .omhz 


See Figure 10 





Vdd = 1 25V, Id = 14A, Rg = 9.1 a 
See Figure 16. (MOSFICT switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip * 14A, Vds = OB Max 
Rating. See Figure 17 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6 mm 
(0.25") from header 
and source bonding 
pad. 


Mounting surface fiat, smooth and greased 


Free air operation 




67 

100 

53 

80 

49 

74 

30 

59 




BSEQil 

isssbI 


80 I OC/W 


Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2 ) 

VSD 

Tj - +250C, Is = 14A, Vgs = OV 

Reverse Recovery Time 

Vr 

Tj = +250C, Ip = 14A, dlp/dt == 100A/jis 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 14A, dlp/dt = lOOA/ps 

Forward Turn-on Time 

tON 

intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by L 3 + Ld- 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < SOOfis, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
impedance Curve (Figure 5) 


4. Vqd = 50V. Start Tj = +250C. L «= 4.5mH. 
9gs = 250, IpEAK = 14A 
(See Figures 14 & 15) 
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IRF644. IRF645, IRF646. IRF647 




80^-; 
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Vqs- DRAIN-TO-SOURCE voltage (VOLTS) 
Fig. 1 — Typical Output Characteristics 




Fig. 2 — Typical Transfer Characteristics 



Fig. 3 ~ Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



t^. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case l^s. Pulse Duration 


4-333 


N-CHANNEL 
POWER MOSFETs 

























































IRF644, IRF645, IRF646, IRF647 



Fig. 6 — Typical Transconductance Vs. Drain Current 



Fig. 8 — Breakdown Voltage Vs. Temperature 



Vqs- DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 10 — Typical Capacitance l/s. Drain-to-Source Voltage 



VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Pig^ 7 _ Typical Source-Drain Diode Forward Voltage 



Pig g _ Normalized On-Resistance Vs. Temperature 



Qg. TOTAL GATE CHARGE (nC) 


Fig. 11 — Typical Gate Charge i/s. Gate-to-Source Voltage 
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IRF644. IRF645. IRF646. IRF647 




Figure 12 — Typical On Resistance Vs. Drain Current 


Figure 13 — Maximum Drain Current Vs. Case 
Temperature 


''ds 




Figure 15 — Undamped Energy Waveforms 




Figureie — Switching Time Test Circuit 


Figure 17 — Gate Charge Test Circuit 
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® HARRIS IRF710/7H/712/713 

IRF71 OR/711R/712R/713R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 1.7A and 2.0A, 350V - 400V 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF710, IRF711, IRF712, and IRF713 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. iRF710R, IRF711R, IRF712R and IRF713R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




IRF710 

IRF710R 

IRf711 

IRF711R 

IRF712 

IRF712R 

IRF713 

IRF713R 

UNITS 

Drain-Source Voltage (1) ......... 

..... VdS 

400 

350 

400 

350 

V 

Drain-Gate Voltage (Rqs = SOkH) (1) ... 

Continuous Drain Current 

• • • •vdgr 

400 

350 

400 

350 

V 

Tc = +25OC ........ 

....... Id 

2 

2 

1-7 

1.7 

A 

Tc = +100OC ...... 

....... Iq 

1.2 

1.2 

1.1 

1.1 

A 

Pulsed Drain Current (3) ........ 

...... Idm 

5 

5 

4.3 

4.3 

A 

Gate-Source Voltage .. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tq = +250C ...... 

- Pd 

36 

36 

36 

36 

W 

Linear Derating Factor .. 

0.29 

0.29 

0.29 

0.29 

W/OC 

Inductive Current, Clamped .... 

(See Figure 14, L = 10OjiH) 

• .Ilm 

6.0 

6.0 

5.0 

5.0 

A 

Single Pulse Avalanche Energy Rating (4). _____ 

...... EaS* 

120 

120 

120 

120 

mJ 

Operating and Storage Junction ..... 

Temperature Range 

• Tj.TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 

Maximum Lead Temperature for Soldering _____ 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

. . .. .. . Tl 

300 

300 

300 

300 

OC 

1. Tj =+25OC to+150OC. 

2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2%. 


4. Vdd = 

•peak 

50V, starting Tj = +25^C, L = 
= 2A. 5ee Figure 15. 

53mH;RGS = 250, 



3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


Package 


DRAIN 

(FLANQE) 


TO-220AB 
TOP VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 ^ ^ ^ ^ ^ ^ ^ ^ 


File Number 2310.1 
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IRF710, IRF71 h IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Electrical Characteristics Tq = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF710/712, IRF71 OR/712R 


IRF711 /713, IRF711R/713R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF710/711,IRF71 OR/711R 


IRF712/713, IRF712R/713R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF710/711, IRF71 OR/711R 


IRF712/713, IRF712R/713R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse T ransfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


VdS = VgS. Id = 250mA 


Vgs = 20V 


Vgs = -20V 


VdS = Rating, Vgs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


Vds > id(on) x Rds(on) Max, Vgs = 1 ov 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


'■DS(ON) Vgs = 10V, Id = 1.1 A 


Vds > 50V, Id = 1.1 A 


J Vgs = ov, Vds = 25v, f = 1 .omhz 

j See Figure 10 


Vdd = 50V, Id ^ 5.6A, Rg = 24a 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 2.0A, Vds = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 2. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 2.0A, Vqs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 2.0A, dlp/dt = lOOA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 2.0A, dlp/dt = 100A/|iS 

Forward T urn-dn Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300iiS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vdd = 50V. Start Tj = +250C, L = 53mH, 
RqS ~ 250, IpEAK ~ 2A (See Figure 15) 
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FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 




RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRF710, IRF71 h IRF712, IRF713 IRF710R, IRF711R, IRF712R, IRF713R 
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IRF710, IRF711, IRF712. IRF713 IRF710R, IRF711R, IRF712R, IRF713R 


Performance Curves (Continued) 



0.0 1.0 2.0 3.0 4.0 5.0 

In. DRAIN CURRENT (AMPERES) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 



■ 25 50 75 100 125 150 

Tj;. CASE TEMPERATURE ( ^C) 

FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK Ij, 



VARY tp TO OBTAIN 
REQUIRED PEAK !(_ 





"tp" 

o—J 



- 1 / 


Ei = O.SBVdss Ec= 0.75BVdsS 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 



FIGURE 15a. UN CLAMPED ENERGY TEST CIRCUIT 


'L 


l \ 

FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


PULSE WIDTH < 1/1S 
DUTY FACTOR < 0.1% 



CURRENT 

REGULATOR 


12V jO.2 _L50 * 
BATTERY 


.-Tzn- 


> + Vds 

(ISOLATED 

SUPPLY) 


^_J \ SAME 
ITYPE 
J AS DUT 


IG Cu’rRENtTIL^^ 

SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE test CIRCUIT 
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August 1991 


IRF720/721/722/723 

IRF720R/721R/722R/723R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

» 2.8A and 3.3A, 350V - 400V 

• i'DS(o*^) = 1.8n and 2.5CL 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF720, IRF721, IRF722, and IRF723 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF720R, IRF721R, IRF722R and IRF723R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC T0-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1).. 

.Vqs 

IRF720 

IRF720R 

400 

IRF721 

IRF721R 

350 

IRF722 

IRF722R 

400 

IRF723 

IRF723R 

350 

UNITS 

V 

Drain-Gate Voltage (RqS == 20kfl) (1).... 

.Vdgr 

400 

350 

400 

350 

V 

Continuous Drain Current 

Tc = +250C .... 

.Id 

3.3 

3.3 

2.8 

2.8 

A 

Tc = +100OC. 

. Id 

2.1 

2.1 

1.8 

1.8 

A 

Pulsed Drain Current (3)... 

.Idm 

13 

13 

11 

11 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C.. 

.Pd 

50 

50 

50 

50 

W 

Linear Derating Factor. 


0.4 

0.4 

0.4 

0.4 

W/OC 

Inductive Current, Clamped .. 

.. Ilm 

12 

12 

10 

10 

A 

(See Figure 14, L = 100jiH) 

Single Pulse Avalanche Energy Rating (4). 

.. • • Eas* 

190 

190 

190 

190 

mj 

Operating and Storage Junction. 

•••• Tj,TstG 

-56 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.. Tl 

300 

300 

300 

300 

oc 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj =+25OC to+150^0. 


4. Vdd = 

50V, starting Tj 

= +25OC, L = 

31 mH, Rqs = 25n, 



2. Pulse Test: Pulse width < SOOfis, Duty Cycle :< 2%. 'PEAK “ 3-3A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermaiimpedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1579.1 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 


Electrical Characteristics Tq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF720/722, IRF720R/722R 


IRF721/723, IRF721R/723R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF720/721, IRF720R/721R 


IRF722/723, IRF722R/723R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF720/721, IRF720R/721R 


IRF722/723, IRF722R/723R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250pA 


Internal Source Inductance 


Case-to-Sink 


Junction-to-Ambient 


VQSfTH) Vds = VgS, Iq = 250|iA 


«GSS Vgs = 20V 


IGSS Vgs = -20V 


loss Vps - Max Rating, Vgs = OV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tj = +12500 


‘d(on) vps > iDfON) X Rds(ON) Max, Vgs == ■> ov 


rDStON) Vgs = 1 ov, Ip = 1 .sa 


Vps>50V, lp = 1.8A 


Vgs"= ov, Vps = 25V, f = 1 .OMHz 
See Figure 10 


Vpp = 200V, Ip 3.3A, Rg = 18fi 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 3.3A, Vps = 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 3.3A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 3.3A, dlp/dt = 10OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 3.3A, dlp/dt = 10OA/ps 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Tj = +25^0 to +150OC 

2. Pulse Test: Pulse width < 300)iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vdd = 50V, Start Tj = +250C, L = 31 mH, 
RqS ~ 250, IpEAK “ 3.3A (See Figure 15) 
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IRF720, IRF721, IRF722, IRF723 IRF720R, IRF721R, IRF722R, IRF723R 



4-343 


N-CHANNEL 
POWER MOSFETs 


























































IRF720, IRF721, IRF722, /RF723 IRF720R, IRF721R, IRF722R, IRF723R 


Performance Curves (Continued) 
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FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE FIGURE 11. TYPICAL GATE CHARGE vs 
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August 1991 


IRF730/731/732/733 

IRF730R/731R/732R/733R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 4.5A and 5.5A, 350V - 400V 

• rDS(0'^) = 1.5n 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Description 

The IRF730, IRF731, IRF732, and IRF733 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF730R, IRF731R, IRF732R and IRF733R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

IRF730 

IRF730R 

400 

IRF731 

IRF731R 

350 

1RF732 

IRF732R 

400 

IRF733 

IRF733R 

350 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkfl) (1). 

.Vdgr 

400 

350 

400 

350 

V 

Continuous Drain Current 

Tc = +250C. 

. Id 

5.5 

5.5 

4.5 

4.5 

A 

Tc = +100OC. 

. Id 

3.5 

3.5 

3.0 

3.0 

A 

Pulsed Drain Current (3). 

.Idm 

22 

22 

18 

18 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

75 

75 

75 

75 

W 

Linear Derating Factor. 


0.6 

0.6 

0.6 

0.6 

W/OC 

Inductive Current, Clamped. 

.. Ilm 

22 

22 

18 

18 

A 

(See Figure 14, L = 10OpH) 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

300 

300 

300 

300 

mj 

Operating and Storage Junction. 

•••• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +250Cto +150^0. 


4. Vdd = 

50V, Starting Tj 

= + 25 OC, L = 

17mH, Rqs = 25n, 



2. Pulse Test: Pulse width < 300}is, Duty Cycle < 2%. ‘PEAK “ 5.5A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1580.1 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Electrical Characteristics Tq = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF730/732, IRF730R/732R 


IRF731/733, IRF731R/733R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 



TEST CONDITIONS 




Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF730/731, IRF730R/731R 


IRF732/733, IRF732R/733R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Dram ("Miller") Charge 


Internal Drain Inductance 


BVdSS Vgs = 0V,Id = 250mA 


iBsaaii 


VdS = VgS. Id = 250mA 


•GSS Vgs = 20V 


IGSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV _ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


'D(ON) Vds > ID(ON) x RdS(ON) Max, Vgs = 10V 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


«'DS(ON) Vgs=10V,Id = 3.0A 


Vds>50V,Id = 3.0A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
See Figure 10 


Vdd = 200V, Id 5.5A, Rg = 120 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 5.5A, Vds = O-QV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6 mm 
(0,25ln.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6 mm 
(0.25") from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
Integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300ms, 
Duty Cycle < 2% 


Tj = +250C, Is = 5.5A, Vgs = OV 


Tj = +250C, Ip = 5.5A, dlp/dt = lOOA/ps 


Tj = +250C, Ip = 5.5A, dlp/dt = 100A/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by L 3 + Ld. 


3. Repetitive Rating: Pulse width limited by max. 4. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



= 50V, Start Tj = +25^C. L = 17mH, 
' 250, IpEAK ®-SA (See Figure 15) 
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[RF730, IRF73 h IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Performance Curves 
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FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 



FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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IRF730, IRF731, IRF732, IRF733 IRF730R, IRF731R, IRF732R, IRF733R 


Performance Curves (Continued) 
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0 3 6 9 12 15 

Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 



25 50 75 100 125 150 

Tq. case TEMPERATURE ( °C) 

FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 

Tl- 

Vgs= 10V -C-DU 

j_nM_ 


T 0.05A 


El = O.SBVdss Ec= otsbvdss 

FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 

Vds 


l.> l \ ^1 

FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


VARY tp TO OBTAIN 
REQUIRED PEAK II Rqq 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 


h_ 

FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 



PULSE WIDTH < IjAS 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


CURRENT 

REGULATOR 


12V 10.2 JLSO 1 
BATTERY 




> + Vds 

(ISOLATED 

SUPPLY) 


,_I \ SAME 

JTYPE 
AS DUT 


--\VV-4-AAAr--0 -Vps 
IG CURRENT Ip CURRENT 


SAMPUNG RESISTOR " SAMPUNG RESISTOR 
FIGURE 17. GATE CHARGE TEST CIRCUIT 
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® HARRIS IRF740/741/742/743 

mF740R/741R/742R/743R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 8A and 10A, 350V - 400V 

• •'DSCo'^) = O.SSCl and 0.80 

• Single Pulse Avalanche Energy Rated"^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



> SOURCE 

> DRAIN 

> GATE 


Description 


The IRF740, IRF741, 1RF742, and IRF743 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF740R, IRF741R, IRF742R and IRF743R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied In the JEDEC TO-220AB plastic 
package. 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = SOkfl) {1). Vdgr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Sou roe Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L=100 )jH) 

Single Pulse Avalanche Energy Rating (4). Eas^ 

Operating and Storage Junction. Tj.Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRF740 

IRF741 

IRF742 

IRF743 


IRF740R 

IRF741R 

IRF742R 

IRF743R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

10 

10 

8.0 

8.0 

A 

6.3 

6.3 

5.2 

5.2 

A 

40 

40 

33 

33 

A 

±20 

±20 

±20 

±20 

V 

125 

125 

125 

125 

W 

1.0 

1.0 

1.0 

1.0 

W/OC 

40 

40 

32 

32 

A 

520 

520 

520 

520 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25OC to +1 SO^C. , 4. Vdo = 50V, Starting Tj = +250C, L = 9.1 mH, Rqs = 25n, 

2. Pulse Test: Pulse width < 300|iis, Duty Cycle < 2%. IPEAK = lOA. 5ee Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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[RF740, IRF741, IRF742, iRF743 JRF740R, IRF741R, tRF742R, IRF743R 


Electrical CharacterlstJcs Tc = 25PC, Unless Otherwise Specified 


charaqteristic 


Drain-Source Breakdown Voltage 
IRF740/742, IRF740R/742R 


VIRF741/743,1RF741R/743R 


Gate Threshold Voltage 


Ga:te-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero,Gate Voltage Drain Current 


On-State Drain Current {Note 2) 
|RF740^41, IRF740R/741R 


IRF742/743, IRF742R/743R 


Static Drain-Souroe Qn-State 
Resistance (Note 2) 
IRF740/741, IRF740R/741R 


IRF742/743, IRF742R/743R 


Forward Transconductance (Note 2) 


Input Capacitaiice 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Sou rce -f G ate- Drain) 


Gato-Source Charge 


Gate-Drain ("Miller”) Charge 


InterhalDrain Inductance 



TEST CONDITIONS 


BVdsS Vgs = 0V.Id = 250|iA 


VgS(TH) Vds = Vgs, |0 = 25O|iA , 


•GSS Vgs = 20V 


«GSS VgS = -20V 


loss Vps - Max Rating, Vqs = QV 

Vds = Max Rating X 0.8, Vgs “ OV, 
Tj = +1250C 


•D(0N) VDS>lD(ON)xRDS(ON)Max,VGS = 10V 


rDS(ON) Vgs = 10V, Id = 5.2A 


Vds > 50V, Id = 5.2A 


Vgs = QV, Vds = 25v, f = 1 .omhz 
S ee Figure 10 


VDD = 200V,lD=T0A,RG = 9.ia . 
See Figure 16: (lyiOSFET switching times 
are essentially.independent of operating 
temperature) 


Vgs = 1 ov, Ip = 10A, Vds = o.sv.Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6 mm 
(0.25in.) from pack¬ 
age to center of die 


L 3 Measured from the 
source lead, 6 mm . 
(0.25’’) from header 
and source bonding 
pad. 


Junction-to-Case R0JC 


Case-to-Sink R0CS Mounting surface flat, smooth and greased 


Junction-to-Ambient R0JA Free a|r operation 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse , f • 

P-Njunc. rectifier. ^ i I 



Internal Source Inductance 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

Irr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

*ON 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300)is, 
Duty Cycle < 2% 




Tj = + 250 C, Is -10A, Vgs = ov 


Tj = + 25 OC, Ip = 10A, dlp/dt = 10OA/us 


Tj = + 25 OC, Ip = 10A, dip/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlied by Ls + Ld- 


3. Repetitive Rating: Pulse width limited by max; 4. Vp^ = 50V, Start Tj = +25^0, L = 9,1 mH, 
junction temperature. See Transient Thermal, , RqS = 250, IpEAK “ lOA (See Figure 15) 

Impedance Curve (Figure 5) 






























































































































































IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 
























































IRF740, IRF741, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 




FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



Vq3. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 




























IRF740, IRF74 /, IRF742, IRF743 IRF740R, IRF741R, IRF742R, IRF743R 


Performance Curves (Continued) 




FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 

TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 




Vgs= iov 



0.75 BVdss 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


''ds 



Ec 

I—I 



FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


^''dss 



h-r-H 
tp /> 


—Vds 

•l 

- 

\ 

r~ 


1 / 

1/ 




FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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^ HARFRIS IRF820/821/822/823 

IRF820R/821R/822R/823R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated'* 


Features 

• 2.a and 2.5A, 450V - 500V 

• •'DS(on) = 3.on and 4.00 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF820, IRF821, IRF822, and IRF823 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF820R,IRF821R, IRF822R and IRF823R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

. Vds 

IRF820 

IRF820R 

500 

IRF821 

IRF821R 

450 

iRF822 

IRF822R 

500 

IRF823 

IRF823R 

450 

UNITS 

V 

Drain-Gate Voltage (Rqs = SOkO) (1). 

. Vdgr 

500 

450 

500 

450 

V 

Continuous Drain Current 

Tc = +250C.... 

. Id 

2.5 

2.5 

2.0 

2.0 

A 

Tq = +100OC........ 

.. Id 

1.6 

1.6 

1.4 

1.4 

A 

Pulsed Drain Current (3). 

.Idm 

8.0 

8.0 

7.0 

7.0 

A 

Gate-Source Voltage ... 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

50 

50 

50 

50 

W 

Linear Derating Factor. 


0.40 

0.40 

0.40 

0.40 

W/OC 

Inductive Current, Clamped.. 

. Ilm 

10 

10 

8.0 

8.0 

A 

(See Figure 14, L = 100pH) 

Single Pulse Avalanche Energy Rating (4). 

. EaS* 

210 

210 

210 

210 

mJ 

Operating and Storage Junction. 

•••• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

■..Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj = +25OC to +150OC. 4. VpD = 50V, Starting Tj = +250C, L = 60mH, Rqs = 250, 

2. Pulse Test: Pulse width < 300ms, Duty Cycle < 2%. 'PEAK = 2.5A. 5ee Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


Package 

TO-220AB 
TOP VIEW 


SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 


G 


S 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pH^ [sjumbcr 1 S81 1 

Copyright © Harris Corporation 1991 
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tRF820, IRF821, IRF822, IRF823 IRF820R, /RF821R, IRF822R, IRF823R 


Electrical Characteristics Tc = 250 c, Unless otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF820/822, IRF820R/822R 


IRF821/823,IRF821R/823R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF820/821, IRF820R/821R 


IRF822/823, IRF822R/823R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF820/821, IRF820R/821R 


IRF822/823, IRF822R/823R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse T ransfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Spurce Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 



TEST CONDITIONS 


BVdSS Vqs = OV. Id = 250pA 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Source Drain Diode Ratings 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

frr 

Reverse Recovered Charge 

Qrr 

Forward Turn-ph Time 

fON 


VdS = VgS. Id = 250mA 


IGSS Vgs = 20V 


IGSS Vgs = -20V 


IdSS Vps = Max Rating, Vgs = QV __ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tj = +1 250 c 


•D(0N) Vds > ID(ON) x RdS(ON) Max, Vgs = OV 


rDS(ON) Vgs = 10V,Id = 1.4A 


Vds>50V,Id = 1.4A 


VqS = OV, Vds = 25V, f = 1 .OMHz 
S ee Figure 10 


Vdd ’ 250V, Id = 2.5A, Rq = 180 
See Figure 16. (MOSFET switching times 
are essentially independent of operating . 
temperature) 


Vgs = 10V, Ip = 2.5A, Vds “ 0.8V Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab tb center of die 


Measured from the 
drain lead, 6mm 
(b.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


R0CS Mounting Surface flat, smooth and greased 


R0JA Free air operation 


and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Tj =+ 25 OC, Is = 2.5A; Vgs = OV 


Tj = + 25 OC, Ip = 2.5A, dlF/dt = 100 A/|js 


Tj = + 25 OC, Ip = Z5A, dlp/dt = IGOA/^s 


Intrinsic turn-pn timeis negligible^ Turn-on 
speed Is substantially controlled by Ls + Lp. 




NOTES: 1. Tj = +250C to +150^0 

2. Pulse Test: Pulsie width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
impedance Curve (Figure 5) 




4. Vdd = ^OV. Start Tj = +25PC, L = 60mH, 
Rqs “ 2511; IpEAK “ 2-5A (See Figure 15) 
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DRAIN CURRENT (AMPERES) j CURRENT (AMPERES) 


IRF820, /RF82 /, IRF822, /RF823 IRF820R, /RF821R, IRF822R, IRF823R 





V^g. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


Vq2. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 



: NOTES: 

- 1. DUTY FACTOR. D=tj/t2 
-2. PEAK Tj=Pdm X ZtnjC + 


I n~2 n 1 1 


t^. RECTANGULAR PULSE DURATION (SECONDS) 

FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 




















































IRF820, IRF821, /RF822, IRF823 IRF820R, IRF821R, IRF822R, IRF823R 
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IRF820, IRF821, IRF822, IRF823 IRF820R. IRF821R, IRF822R, IRF823R 
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August 1991 


fRF830/831/832/833 
IRF830R/831R/832R/833R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 4.0A and 4.5A, 450V - 500V 

• r 0 s(on) = 1.5n and 2.0n 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Description 

The IRF830, IRF831, IRF832, and IRF833 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF830R, IRF831R, IRF832R and IRF833R types are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Term in ai Diagram 


N-CHANNEL ENHANCEMENT MODE 




Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1) . 


Continuous Drain Current 
Tc = +250g...... 


Maxirtium Power Dissipation 

Tc = +250C... 

Linear Derating Factor ........ 

Inductive Current, Clamped .., 
(See Figure 14, L=100 |jH) 


Ternperature Range 
Maximum Lead Temperature for Solde 
(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj = +25PC to +150OC, 

2. Pulse test: Pulse width < 300|js, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum jiir 

See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only ^ 


CAUTION: These devices are sensitive to electrostatic discharge. Proper l.p. handling procedures should be followed. 
Copyright Harris Corporation 1991 



IRF830 

IRF831 

IRF832 

IRF833 



IBF830R 

IRF831R 

IRF832R 

IRF833R 

UNITS 

• VdS 

500 

450 

500 

450 

V 

VdGR 

500 

450 

500 

450 

V 

. ,. Id 

4.5 

4.5 

4.0 

4.0 

A 

... Id 

3.0 

3.0 

2.5 

2.5 

A 

• •1dm 

18 

18 

16 

16 

A 

• Vgs 

±20 

±20 

±20 

±20 

V 

..•Pd 

75 

75 

75 

75 

W 


0.6 

0.6 

0.6 

0.6 

W/OC 

• • IlM 

18 

18 

16 

16 

A 

•••EaS* 

300 

300 

300 

300 

mj 

J»TSTG 

-55 to +150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 

...Tj. 

300 

300 

300 

300 

oc 


4, yoD = 

50V, Starting Tj 

= +25PC, L = 

25mH, Rgs = 250, 



•peak 

=5 4.5A. See Figure 15. 



temperature. 
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IRF830, IRF831, [RF832, /RF833 !RF830R, IRF831R, IRF832R, /RF833R 


Electrical Characteristics Tc = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRF830/832, IRF830R/832R 

BV0SS 

Vgs = 0V,Id = 250pA 

500 


_ 

V 

IRF831/833, IRF831R/833R 


- 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VdS = VgS> *0 = 250mA 

2.0 

- 

4.0 

V 

Gate-Source Leakage Forward 

•gss 

VgS = 20V 

- 

- 

500 

nA 

Gate-Source Leakage Reverse 

•gss 

Vgs = -20V 

- 

- 

-500 

nA 

Zero Gate Voltage Drain Current 

idss 

Vqs = Max Rating, Vgs = OV 

- 

- 

250 

jiA 

Vds = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


- 

1000 


On-State Drain Current (Note 2) 
IRF830/831, IRF830R/831R 

Id(on) 

Vds > ID(ON) x RdS(ON) Max, Vgs = OV 

19 

- 

- 

A 

IRF832/833, IRF832R/833R 

1 4-0 1 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 

IRF830/831, IRF830R/831R 

''DS(ON) 

Vgs = 10V,Id = 2.5A 

■ 

1.3 

1.5 

n 

IRF832/833, IRF832R/833R 

- 

1.5 

2.0 

n 

Forward Transconductance (Note 2) 

gfs 

VdS>50V,Id = 2.5A 

2.7 

4.2 

- 

s(u) 

Input Capacitance 

C|SS 

Vgs = OV, Vps = 25V, f = 1 .OMHz 

See Figure 10 

- 

600 

- 

PF 

Output Capacitance 

Coss 

- 

100 

- 

PF 

Reverse T ransfer Capacitance 

Crss 

- 

20 

- 

pF 

Turn-On Delay Time 

z 

o 

Vdd = 250V, Id = 4.5A, RQ = ^2Cl 

See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 

- 

10 

17 

ns 

Rise Time 

tr 

- 

15 

23 

ns 

Turn-Off Delay Time 

fd(OFF) 

- 

33 

53 

ns 

Fall Time 

tf 


16 

23 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

°g 

Vgs = 10V, Id = 4.5A, Vds = O.SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 

B 

22 

32 

nC 

Gate-Source Charge 

Qgs 

- 

3.5 

- 

nC 

Gate-Drain (“Miller”) Charge 

Qgd 

- 

11 

- 

nC 

Internal Drain inductance 

Ld 

Measured from the 
contact screw on 
tab to center of die 


■ 

3.5 

■ 

nH 

Measured from the 
drain lead, 6mm 
(0.25ln.) from pack¬ 
age to center of die 

■ 

■ 

■ 

nH 

Internal Source inductance 

LS 

Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 

■ 

■ 

■ 

nH 

J u nction-to-Case 

R0JC 


- 

- 

1.67 

OC/W 

Case-to-Sink 

R0CS 

Mounting surface flat, smooth and greased 

- 

0.5 

- 

OC/W 

Junction-to-Ambient 

R0JA 

Free air operation 

- 

- 

80 

OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

«S 

Modified MOSFET ^- n! 

symbol showing the 

B 

- 

- 

4.5 

D 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / • 1- 

P-N iunc. rectifier. J I I 'i 


■i 

■1 

18 

■i 



H 

m 







mM 





Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 4.5A, Vgs = OV 


- 

> 

1.6 

V 

Reverse Recovery Time 

trr 

Tj = H-250C, Ip = 4.5A, dlp/dt = lOOA/ps 

180 

350 

760 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 4.5A, dlp/dt = 1 00A/\is 

0.96 

2.2 

4.3 

!iC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 

” 

j 

■" 

“ 


NOTES: 1. Tj = +25'^C to +150®C 3. Repetitive Rating: Pulse width limited by max. 4. N/qq = 50V, Start Tj = +250C, L = 25mH, 

2. Pulse Test: Pulse width < 300|iS, junction temperature. See Transient Thermal Rqs = 250, IpeaK = 4.5A (See Figure 15) 

Duty Cycle <2% Impedance Curve (Figure 5) 
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Z,hJC<«)/RthJC- normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


IRF830. IRF831, /RF832, IRF833 IRF830R, JRF831R, /RF832R, /RF833R 



Vqs, DRAIN to source VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics 



0 1 2 3 4 5 6 7 

Vgs. gate to source voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



0 2 4 6 8 10 


Vqs, drain TO SOURCE voltage (VOLTS) 

Fig. 3 - Typical Saturation Characteristics 



Vqs. DRAIN to source VOLTAGE (VOLTS) 


Fig. 4 — Maximum Safe Operating Area 
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IRF830, mF831, mFS32, IRF833 mF830R, iRF83tR, IRF832R, tRF833R 




Fig. 10 — Typical Capacitance Vs. Drain^to-Source Voltage Fig. 11 ^ Typical Gate Charge Gate-to-Spurce Voltage 
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IRF830, lRF83 h fRF832, IRF833 IRF830R, IRF83IR, IRF832R, /RF833R 




1q. drain current (AMPERES) 



Fig. 12 — Typical On-Resislance Vs. Drain Current Fig. 13 -^ Maximum Drain Current Vs. Case 


Temperature 
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mF840R/841R/842R/843R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 7A and 8A, 450V - 500V 

• •'DS(o*i) = 0.85n and 1.1 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 



Description _ 

The IRF840, IRF84t, IRF842, and IRF843 are n-channel Terminai Diagram 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRF840R, IRF841R, IRF842R and IRF843R types are N-CHANNEL ENHANCEMENT MODE 

advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs “ 20kn) (1). Vdgr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L*100pH) 

Single Pulse Avalanche Energy Rating (4).E>\s^ 

Operating and Storage Junction.'rj,TsTG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj =+250Cto+150OC. 

2. Pulse Test: Pulse width < 300)iS, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


IRF840 

IRF841 

IRF842 

IRF843 


1RF840R 

IRF841R 

IRF842R 

IRF843R 

UNITS 

500 

450 

500 

450 

V 

500 

450 

500 

450 

V 

8.0 

8.0 

7.0 

7.0 

A 

5.1 

5.1 

4.4 

4.4 

A 

32 

32 

28 

28 

A 

±20 

±20 

±20 

±20 

V 

125 

125 

125 

125 

W 

1.0 

1.0 

1.0 

1.0 

W/OC 

32 

32 

28 

28 

A 

510 

510 

510 

510 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


4. VoD = 50V, starting Tj = +250C. L = 14mH, Rqs “ 250, 
*PEAK “ 5^* 566 Figure 15. 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris CorpOratk>n 1991 
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IRF840. JRF84 /, /RF842, IRF843 !RF840R, JRF84 //?, IRF842R, IRF843R 


Electrical Characteristics Tc = 250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF840/842, IRF840R/842R 


IRF841/843, IRF841R/843R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF840/841, IRF840R/841R 


IRF842/843, IRF842R/843R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V.Id = 250mA 


VdS = VgS. lD = 250pA 


Vgs = 20V 


Vgs = -20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vgs = OV, 
Tj = +1250C 


Vds > •D(ON) X RdS(ON) Max, Vgs = OV 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


''DS(ON) Vgs = 10V, Iq - 4.4A 


Vds > 50V,Io = 4.4A 


Vgs = ov, Vds = 25V, f = i .omhz 
See Figure 10 


Vdd = 250V, Id - 8A, Rg = 9.1 fi 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 8A, Vds = O-QV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured from the 
contact screw on 
tab to center of die 


Measured from the 
drain lead, 6mm 
(0.25in.) from pack¬ 
age to center of die 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 


Qrr 

Forward Turn-on Time 

tON 


Tj = +250C, Is = 8.0A, Vgs = 10OA/ps 


Tj = +250C, Ip = 8.0A, dlp/dt = lOOA/fis 


Tj = +250C, Ip = 8.0A, dlp/dt = 100 A/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vdd = 50V, Start Tj = +250C, L = 14mH, 
Rq 3 = 250, IpEAK ~ (See Figure 15) 
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IRF840, mF841. IRF842, IRF843 IRF840R, IRF841R, IRF842R, IRF843R 


















































/RF840, /RF84 h /RF842, fRF843 [RF840R, IRF841R, IRF842R, IRF843R 


Performance Curves (Continued) 


0Ops 

B 2 50V 
PULSE 1 

EST . 

— 


















zj 




/ 










1 





_ 

i 




0 3 6 9 12 15 

Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



0.3 0.6 0.9 1.2 1.5 

VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



Tj. JUNCTION TEMPERATURE { °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



Tj, JUNCTION TEMPERATURE ( ^C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



M 

niinn 

nni!iiii 


anoi 


■BBSI 

^os- 

DRAIN 

5 1 

-TO-SOUR 



FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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mF840, IRF841, IRF842, IRF843 IRF840R, IRF841R, IRF842R, IRF843R 
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HAFRRIS 


August 1991 


IRFAC40R 

IRFAC42R 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 6.2A and S.4A, 600V 

• »'DS(on) = and 1.60 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 

Description 

The IRFAC40R and IRFAC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 

The IRFAC types are supplied in the JEDEC TO-204AA steel 
package. 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

(FLANGE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




IRFAC40R 

IRFAC42R 

UNITS 

Continuous Drain Current 

Tc = +250C. 

.b 

6.2 

5.4 

A 

Tc = +100OC. 

.Id 

3.9 

3.4 

A 

Pulsed Drain Current (1). 

.Idm 

25 

22 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = 4-250C. 

.Pd 

125 

125 

W 

Unear Derating Factor. 


1.0 

1.0 

W/OC 

Single Pulse Avalanche Energy Rating (2) (see Figure 14). 

.^as 

570 

570 

mJ 

Operating and Storage Junction. 

• Tj,Tstg 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

OC 


(0.063" (1.6mm) from case for 10s) 


1 . Repetitive Rating; Pulse width limited by maximum junction temperature 
(see Figure 5). 

2. Vdd = 50V, Starting Tj = +250C, L = 16mH, Rq = 250, Peak II = 6.8A. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFAC40R, iRFAC42H 


Electrical Characteristics @ Tj = 25° C (Unless Otherwise Specified) 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss Drain-to-Source Breakdown 
Voltage 

IRFAC40R 

600 

- 

- 

V 

Vgs = OV, Id = 250/yA 

IRFAC42R 

Roston) Static Drain-to-Source 

On-State Resistance © 

IRFAC40R 

_ 

0.97 

1.2 

n 

Vgs= 10V, Id = 3.4A 

IRFAC42R 

__ 

1.2 

1.6 

loton) On-State Drain Current © 

IRFAC40R 

6.2 

- 

- 

A 

VdS > iD(on) X RDS(on) Max. 

Vgs=10V 

IRFAC42R 

5.4 

VGS(th) Gate Threshold Voltage 

ALL 

2.0 

— 

4.0 

V 

Vds = Vgs, Id = 250a<A 

gts Forward Transconductance © 

ALL 

4.7 

70 

— 

S(u) 

Vds > 50V, Ids = 3.4A 

loss Zero Gate Voltage 

Drain Current 

ALL 

— 

— 

250 

M 

Vds = Max. Rating, Vgs = OV 

— 

— 

1000 

Vds = 0.8 x Max. Rating, Vgs = OV, Tj = 125°C 

Igss Gate-to-SoUrce Leakage Forward 

ALL 

— 

— 

100 

nA 

Vgs = 20V 

less Gate-to-Source Leakage Reverse 

ALL 

— 

— 

-100 

nA 

Vgs = -20V 

Qg Total Gate Charge 

ALL 

— 

40 

60 

nC 

Vgs = 10V. Id = 6.2A 

Vds = 0.8 X Max. Rating 

See Fig. 16 

(Independent of operating temperature) 

Qgs Gate-to-Source Charge 

ALL 

— 

5.5 

! — 

nC 

Qgd Gate-to-Drain (“Miller”) Charge 

ALL 

— 

20 

1 — 

nC 

tdton) Turn-On Delay Time 

ALL 

— 

13 

.20 

ns 

Vdd = 300V, Id = 6.2A, Rg = 9.1 Q 

Rd = 470 

See Fig. 15 

(Independent of operating temperature) 

tr Rise Time 

ALL 

— 

18 

27 

ns 

td(off) Turn-Off Delay Time 

ALL 

— 

55 

83 

ns 

tf Fall Time 

ALL 

— 

20 

30 

ns 

Ld Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

Ls Internal Source Inductance 

ALL 


13 

~ 1 

nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 

Ciss Input Capacitance 

ALL 

— 

1300 

— 

PF 

Vgs = OV, Vds = 25V 

f = 1.0MHz 

See Fig. 10 

Coss Output Capacitance 

ALL 

— 

160 1 

— 

PF 

Cres Reverse Transfer Capacitance 

ALL 

— 

30 

— 

pF 


ALL 

_ 

— 

1.0 

°C/W 


Rthcs Case-to-Sink 

IQgi 

— 

0.12 ■ 

— 

°C/W 

Mounting surface flat, smooth, and greased 

RttuA Junction-to-Ambient 

HSBEH 

- 

- ! 

30 

°C/W 

Typical-socket mount 


Source-Drain Diode Ratings and Characteristics 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

Is 

Continuous Source Current 
(Body Diode) 

ALL 

— 


6.2 

A 

Modified MOSFET symbol showing 
the integral Reverse p-n 

Ism 

Pulse Source Current 
(Body Diode) 0 

ALL 

- 

- ■ 

25 

A 

junction rectifer. 

Vso 

Diode Forward Voltage © 

ALL 

— 

— 

1.5 

V 

Tj = 25®C, ls = 6.2A, Vgs = OV 

trr 

Reverse Recovery Time 

ALL 

200 

450 

940 

ns 

Tj = 25®C, If = 6.2A. di/dt = 100A///S 

Qrr 

Reverse Recovery Charge 

ALL 

1.8 

3.8 

7.9 

^o 


ton 

Forward Turn-on Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. | 


0 Repetitive Rating; Pulse width limited 
by maximum junction temperature (see 
figure 5). 


0 @ Vdd = 50V, Starting Tj = 25° C, 
L = 16mH, RG=25n, 

Peak II = 6.8A 


©Pulse width < SOOyus; Duty Cycle < 2% 
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DRAIN CURRENT (AMPERES) 




Vcc. GATE-TO-SOl 


Fig. 2 - Typical Trai. 
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IRFAC40R. IRFAC42R 




VgQ. SOURCE-TO-DRAIN voltage (VOLTS) 


Fig. 6 - Typical Transconductance Vs. Drain Current Fig. 7 - Typical Source-Drain Diode Forward Voltage 



Fig. 8 - Breakdown Voltage Vs. Temperature 



Fig. 10- Typical Capacitance V^s. Drain-to-Source Voltage 



Fig. 9 - Normalized On-Resistance Vs. Temperature 



Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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RoS(on)' DRAIN-TO-SOURCE ON RESISTANCE 


IRFAC40R, /RFAC42R 



Fig. 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current V's. Case Temperature 


VARY Ip TO OBTAIN 
REOUIRrn PEAK l|^ 



Fig. 14b - Undamped Inductive Waveforms 



Fig. 14c- Maximum Avalanche Energy Starting 
Junction Temperature 



Fig. 15a - Switching Time Test Circuit Fig. 15b - Switching Time Waveforms 
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IRFAC40R, /RFAC42R 




Fig. 16a - Basic Gate Charge Waveform Fib. 16b - Gate Charge Test Circuit 
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August 1991 


IRFBC40R 

IRFBC42R 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 6.2A and 5.4A, 600V 

• i’DS(on) = 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRFBC40R and IRFBC42R are advanced power 
MOSFETs designed, tested, and guaranteed to withstand a 
specified level of energy in the breakdown avalanche mode of 
operation. These are n-channel enhancement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 

The IRFAC types are supplied in the JEDEC TO-220AB steel 
package. 


Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 




iRFBC40R 

iRFBC42R 

UNITS 

Continuous Drain Current 

Tc = +250C. 

. Id 

6.2 

5.4 

A 

Tc = +100OC. 

.Id 

3.9 

3.4 

A 

Pulsed Drain Current (1). 

.Idm 

25 

22 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

125 

125 

W 

Linear Derating Factor. 


1.0 

1.0 

W/OC 

Single Pulse Avalanche Energy Rating (2) (see Figure 14). 

.^as 

570 

570 

mj 

Operating and Storage Junction. 

• Tj-TsTG 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 


1. Repetitive Rating: Pulse width limited by maximum junction temperature 
(see Figure 5). 

2. Vdd = 50V, Starting Tj = +250C, L = 16mH, Rq = 250, Peak II = 6.8A. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFBC40R, iRFBC42R 


ElacMcal CharacteiMIc* @ Tj = 2S°C (Unlew Othenriw Specified) 


Psrsnwtsr 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss Draln-to-Source Breakdown 

IliSiBHJ 

600 




Vgs = OV, Id = 250A/A 

_ 

Voltage 

IRFBC42R 



V 

! Ros(on) Static Drain-to-Source 

IliliiliZUil 

_ 


1.2 

fi 

Vgs = 10V, Id = 3.4A 


On-State Resistance © 

IRFBC42R 

— 

mm 

mm 

IcXon) 

On-State Drain Current © 






VdS > loion) X RDS(on) MaX. 

■■ 


IRFBC42R 




A 

Vgs= lOV 


Voscth) 

Gate Threshold Voltage 

ALL 


— 

4.0 

V 

Vds = Vgs, Id = 250//A 

warn 

Forward Transconductance © 

ALL 

mm 

70 

— 


Vds > 100V, Ids = 3.4A 

loss 

Zero Gate Voltage 

ALL 

_ 

_ 



Vds = Max. Ratinq, Vgs = OV 


Drain Current 

— 

— 

KriTiTi'B 

Vds = 0.8 x Max. Rating, Vgs = OV, Tj = 125°C 

loss 

Gate-to-Source Leakage Forward 

ALL 

— 

— 

500 

nA 

Vgs = 20V 

loss 

Gate-to-Source Leakage Reverse 

ALL 

— 

— 

-500 

nA 

Vgs = -20V 

Q. 

Total Gate Charge 

ALL 

— 

40 

60 

nC 

Vgs = 10V, Id = 6.2A 


Q.. 


ALL 

— 


— 

nC 

Vds = 0.7 x Max. Rating 

See Fig. 16 

(Independent of operating temperature) 

Qgd 

Gate-to-Drain (“Miller”) Charge 

ALL 

— 

20 

_ 

nC 

td(on) 

Turn-On Delay Time 

ALL 

— 

KB 

20 

ns 

Vdd = 300V, Id = 6.2A, Rg = 9.10 

tr 

Rise Time 

ALL 

— 

18 

27 

ns 

Rd = 470 


tcHom 

Turn-Off Delay Time 

ALL 

— 

HESIli 

83 

ns 

See Fig. 15 


tf 

Fall Time 

ALL 

— 


30 

ns 

(Independent of operating temperature) 

Lo 

Internal Drain Inductance 

ALL 

a 

■ 

■ 

nH 

Measured from the 
drain lead, 6mm (0.25 
in.) from package to 
center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

Ls 

Internal Source Inductance 


1 

1 

1 

nH 

Measured from the 
source lead, 6mm 
(0.25 in.) from 
package to source 
bonding pad. 


EM 

Input Capacitance 

ALL 

— 

1300 

— 

PF 

Vgs = OV, Vds = 25V 


Goes 

Output Capacitance 

ALL 

— 



Ba 

f = 1.0 MHz 


c« 

Reverse Transfer Capacitance 

ALL 

— 

iBK 


Ba 

See Fig. 10 


RthJC 

Junction-to-Case 

ALL 

— 

- 

BEB 

BgSSl 


RthCS 

Case-to-Sink 

ALL 

— 


— 

jggQI 


RlhJA 

Junction-to-Ambient 

ALL 

- 

- 

80 

°c/w 

Typical-socket mount 


Source-Drain Diode Ratings and Characteristics 


Parameter 

Type 

EB 

Bfli 


Bisg 

Test Conditions 

Is Continuous Source Current 

(Body Diode) 

ALL 

— 

— 


A 


Ism Pulse Source Current 

(Body Diode) 0 

ALL 

- 

- 


A 

Vso Diode Forward Voltage © 

ALL 

— 

— 


V 

Tj = 25°C, Is = 6.2A, Vgs = OV 

tr, Reverse Recovery Time 

ALL 


ESsI 

IQQH 

BSi 


Qrr Reverse Recovery Charge 

ALL 

mm 

KB 

8.0 

m^^ 

ton Forward Turn-on Time 

ALL 

Intrinsic tum-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. \ 


d) Repetitive Rating: Pulse width limited 
by maximum junction temperature (see 
figure 5). 


® @ Vdd = 50V, Starting Tj = 25° C, 
L = 16mH, RG=26n, 

Peak II = 6.8A 


©Pulse width < SOO/us; Duty Cycle < 2% 

































































IRFBC40R, IRFBC42R 



Fig. 1 - Typical Output Characteristics 


s 

6 



Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 3 - Typical Saturation Characteristics 



Fig. 2 - Typical Transfer Characteristics 




92CS-‘»3II9 

Fig. 4 - Maximum Safe Operating Area 



RECTANGULAR PULSE DURATION (SECONDS) 

Fig. 5 ~ Maximum Effective Transient Thermal Impedance, Junction-to~Case Vs. Pulse Duration 


4-379 


N-CHANNEL 
POWER MOSFETs 




































































mFBC40R, mFBC42R 



Fig. 6 - Typical Transconductance Vs. Drain Current 



VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 



Fig. 8 - Breakdown Voltage Vs. Temperature 



Fig. 9 - Normalized On-Resistance Vs. Temperature 



V(^2. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage 


Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 







DS(on)* DRAIN-TO-SOURCE ON RESISTANCE 


IRFBC40R. IRFBC42R 



Ig. DRAIN CURRENT (AMPERES) 

Fig. 12 - Typical On-Resistance V/s. Drain Current 



Vos 



Fig. 14a- Undamped Inductive Test Circuit 


BVOSS 


K '»- H 

^ / 
V 

\ 

Vos 



\ 




\ 







Fig. 14b- Undamped Inductive Waveforms 



Fig. 14c - Maximum Avalanche Energy Uis. Starting 
Junction Temperature 



Fig. 15a- Switching Time Test Circuit 
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mFBC40R, IRFBC42R 




Fig. 16a - Basic Gate Charge Waveform 


Fig. 16b - Gate Charge Test Circuit 
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Features 

• 1A and 0.8A, 80V - 100V 

• ''DS(on) = 0-6^ and 0.8fi 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD110, IRFD111, IRFD112, and IRFD113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD110R, IRFD111R, IRFD112R, and IRFD113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


IRFDI tO/111/112/1 13 
IRFDI10R/111R/112R/113R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 

+ 250 C), Unless otherwise Specified 






IRFD110 

IRFD111 

IRFD112 

IRFD113 




IRFDI1OR 

IRFD111R 

IRFDI12R 

IRFDI 13R 

UNITS 

Drain-Source Voltage (1). 

.Vqs 

100 

80 

100 

80 

V 

Drain-Gate Voltage {Rqs = SOkH) (1). 

Continuous Drain Current 

.Vdgr 

100 

80 

100 

80 

V 

Tc = +250C. 

. Id 

1.0 

1.0 

0.8 

0.8 

A 

Pulsed Drain Current. 

.Idm 

8.0 

8.0 

6.4 

6.4 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C (See Figure 13). 

.Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13). 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped. 

.Ilm 

8.0 

8.0 

6.4 

6.4 

A 

(See Figure 14, L=100pH) 

Single Pulse Avalanche Energy Rating (3).... 


19 

19 

19 

19 

mJ 

Operating and Storage Junction. 

.Tj.TstG 

”55 to +150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering ... 

.Tl 

300 

300 

300 

300 

oc 

(0.063" (1.6mm) from case for 10s) 







NOTES: 







1. Tj = + 25 OC to +150OC. 


3. Vdd = 

25V, starting Tj 

» + 25 OC, L = 

28.5mH, Rqs * 

250, 

2. Pulse Test: Pulse width < SOOps, Duty Cycle < 2%. 

•peak 

= 1.0A. See Figure 16. 



* R Suffix Types Only 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedure 
Copyright © Harris Corporation 1991 


t should be followed. 
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IRFD110, IRFD111, iRFD 112, IRFD113 IRFD110R, iRFD 111R, IRFDI12R, 1RFD113R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFD110/112, IRFD110R/112R 


IRFD111 /113, IRFD111R/113R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFD110/111, IRFD110R/111R 


IRFD112/113, IRFD112R/113R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFD110/111, IRFD110R/111R 


IRFD112/113, IRFD112R/113R 


Forward Transconductance (Note 2) 


input Capacitance 


Output Capacitance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 




Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 




internal Dram Inductance 


Internal Source inductance 


Junction-to-Ambient 


VdS = VgS» Id = 250mA 


•GSS Vgs = 20V 


IGSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV _ 

Vps = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


«D(ON) Vps > ID(ON) X rDS(ON) Max, Vgs = ^ OV 


I'DS(ON) Vgs = 10V, Ip = 0.8A 


Vps > *D(ON) X rps(ON) Max» 'D = 0-8A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
S ee Figure 10 


Vpp csi 0.5BVpss. iD == -OA, Rg = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 0V, Ip = 1 -OA, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 
die. 


Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 



Free air operation 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _^ 

symbol showing the 

SI 

- 

- 

1.0 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / | 

P-N junc. rectifier. G ( H-i 'i 

w 

- 

- 

8.0 

B 



i 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 1 .OA, Vps = OV 


- 

- 

2.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 1 .OA, dlp/dt = 1 0OA/ps 

- 


“ 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +1 50OC, Ip = 1 .OA, dlp/dt = 10OA/^is 

- 


- 

|iC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 

■* 

■1 


“ 


NOTES: 

1. Tj = +26^0 to +150OC 3 . Vdq « 25V, starting Tj = +250C, L = 28.5mH, Rqs » 250, IpgAK “ 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2% 1 OA. (See Figure 15.) 
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ORAIN TO-SOURCE BREAKDOWN VOLTAGE 
(NORMALIZED) 


IRFD110, IRFD111, IRFD112, IRFD113 IRFD110R, IRFD111R, /RFD112R, IRFD113R 



Tj, JUNCTION TEMPERATURE ("O Tj, JUNCTION TEMPERATURE |®C) 

Fig. 7 — Breakdown Voltage Vi. Temperature Fig. 8 - Normaliaed On>Retistance Vi. Temperature 



0 10 20 30 40 50 0 2 4 6 8 10 


Vos, ORAIN-TO SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 

Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 



Iq.ORAIN CURRENT (AMPERES) T^, AMBIENT TEMPERATURE (“O 

Fig. 11 Typical On-Resistance Vs. Drain Current Fig. 12 ~ Maximum Drain Current Vs. Case Temperature 
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IRFD110. IRFD111. IRFD112. IRFD113 IRFD110R. IRFD111R. IRFD112R. IRFD113R 



Ta, ambient temperature ("O 

Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 
REQUIRED PEAK II 




Vqs* iov 



El = O.SBVdss Ec" 0.75BVdsS 
Fig. 14a - Clamped Inductive Test Circuit 


Vds 



Ec 

I—I 



Fig. 14b - Clamped Inductive Waveforms 


bvdss 




-*—Vds 

II- 

\ 

f 


/ 

/ 

\ 



Fig. 15b - Undamped Energy Waveforms 




SAMPUNG RESISTOR “* SAMPUNG RESISTOR 


Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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Features 

• 1.3A and 1.1A, 80V - 100V 

• rD3(on) = 0.30n and 0.400 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD120, IRFD121, IRFD122, and IRFD123 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD120R, IRFD121R, IRFD122R, and IRFD123R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


fRFD120/121/122/123 

IRFD120R/121R/122R/123R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 



Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc 

= +250C), Unless Otherwise Specified 






IRFD120 

IRFD121 

IRFD122 

IRFD123 




IRFD120R 

IRFD121R 

IRFD122R 

IRFD123R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

100 

80 

100 

80 

V 

Drain-Gate Voltage (Rqs == 20 kn) (1). 

Continuous Drain Current 

.Vdgr 

100 

80 

100 

80 

V 

Tc = +250C. 

. ‘d 

1.3 

1.3 

1.1 

1.1 

A 

Pulsed Drain Current. 

. Idm 

5.2 

5.2 

4.4 

4.4 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C (See Figure 13). 

.Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13)_ 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped. 

.Ilm 

5.2 

5.2 

4.4 

4.4 

A 

(See Figure 14, L = 100 mH) 

Single Pulse Avalanche Energy Rating (3).. 


36 

36 

36 

36 

mJ 

Operating and Storage Junction. 

.Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering . 

.Tl 

300 

300 

300 

300 

oc 

(0.063" (1.6mm) from case for 10s) 







NOTES: 







1 . Tj = +250Cto + 1600c. 


3. Vdo = 

25V, starting Tj 

= + 25 OC, L = 

32inH, Rqs *= 25a, 


2. Pulse Test: Pulse width < 300ps, Duty Cycle < 2%. 

•peak 

= 1.3A. See Figure 15. 



* R Suffix Types Only 








CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporatton 1991 
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IRFD120,1RFD121, IRFD122, IRFD123 IRFD120R, IRFD121R, IRFD122R, IRFD123R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFD120/122, IRFD120R/122R 


IRFD121/123, IRFD121R/123R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFD120/121, IRFD120R/121R 


IRFD122/123, IRFD122R/123R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFD120/121, IRFD120R/121R 


IRFD122/123, IRFD122R/123R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 



TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250pA 




Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


IpBggMSHIlMISg 


Internal Dram Inductance 


internal Source Inductance 


Junction-to-Ambient 



VdS = VqS. ‘D = 250pA 


«GSS Vgs = 20V 


IGSS Vgs = “20V 


IdSS Vps - Max Rating, Vgs = OV _ 

VpS = Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vps > Id(ON) X rDS(ON) Max, Vgs = 10V 


'’DS(ON) Vgs = 10V, Iq = 0.6A 


VdS > •d(ON) X rpSCON) Max. ‘D = 0 . 6 A 


Vgs = OV, VpS = 25V, f = 1 .OMHz 
S ee Figure 9 


VPD - O.SBVdSS. Id = 1 -OA, Rg = 9.1 n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 1.3A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 
die. 


Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


4.0 

V 

500 

nA 

-500 

nA 

250 

ma 

1000 

liA 




B0JA sir operation 



120 OC/W 


Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

Ion 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tj = +250C, Is = 1.3A, Vgs = OV 


Tj = +150OC, Ip = 1.3A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip ” 1.3A, dlp/dt = 1 OOA/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp, 



NOTES: 

1. Tj = + 25 OC to +150®C 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2% 


3. Vqq = 25V, starting Tj = +250C, L = 32mH, Rqs = 250, Ipg^K = 1 *3^. 
(See Figure 15.) 
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. TRANSCONOUCTANCE (SIEMENS) 

















































IRFD120, IRFD121, IRFD122, IRFD123 IRFD120R, 1RFD121R, IRFD122R, IRFD123R 



Tj, JUNCTION TEMPERATURE (<>0 

Fig. 7 - Breakdown Voltaga Vs. Temparatura 



Tj, JUNCTION TEMPERATURE (“O 

Fig. 8 — Normalizad On-Rasistanca Vs. Tamparatura 




Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 — Typical Gata Charga Vs. Gata-to-Sourca Voltaga 


4 _ 3 



Iq DRAIN CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (OC) 


Fig. 11 Typical On-Resistance Vs. Drain Currant Fig. 12 - Maximum Drain Current Vs. Casa Tamparatura 
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IRFD120. IRFD121. IRFD122. IRFD123 IRFD120R. IRFD121R. IRFD122R. IRFD123R 



0 20 40 60 80 too 120 140 

Ta. ambient temperature (OC) 

Fig. 13 - Power Vs. Temperature Derating Curve 


Vqs* 


VARY tp TO OBTAIN y—O ■ • A Vm-- 

REQUIRED PEAK li_ I | >- | 

i t 


li 


T 0.05A 

."J 


El = 0.5 BVdss Ec* 0.75BVdsS 
Fig. 14a - Clamped Inductive Test Circuit 




Fig. 14b - Clamped inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 



Fig. 16 - Switching Time Test Circuit 


Fig. 17 ~ Gate Charge Test Circuit 




August 1991 


Features 

• 0.4A and 0.5A, 60V - 100V 

• •'DS(on) = 2.4ri and 3.2n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Description 

The IRFD1Z0, IRFD1Z1, iRFD1Z2. and IRFD1Z3 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula¬ 
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin DIP package. 


IRFD1Z0, IRFD1Z1 
IRFD1Z2, IRFD1Z3 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 




Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRFD1Z0 

IRFD1Z1 

IRFD1Z2 

IRFD1Z3 

UNITS 

Drain-Source Voltage (1). 

.Vds 

100 

60 

100 

60 

V 

Drain-Gate Voltage (Rqs = 20kn) (1). 

Continuous Drain Current 

.VdgR 

100 

60 

100 

60 

V 

Tc = + 250 C . 

.'d 

0.5 

0.5 

0.4 

0.4 

A 

Pulsed Drain Current. 

.Idm 

4.0 

4.0 

3.2 

3.2 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = + 250 C (See Figure 13). 

.Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13). 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped. 

.‘lm 

4.0 

4.0 

3.2 

3.2 

A 

(See Figures 14 and 15, L100|iH) 

Operating and Storage Junction. 

Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = + 25 OC to +150OC. 

2. Pulse Test: Pulse width < SOOjis, Duty Cycle <2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications iRFDIZO, IRFD1Z1, IRFD1Z2, IRFD1Z3 


Electrical Characteristics @Tc 


25*’C (Unless Otherwise Specified) 


Parameter 


HEB 

PBi 

IQI^QII 


Test Conditions 

BVqss l^rain - Source Breakdown Voltage 

^3530 

BEB 

- 

- 

V 

Vqs = OV 

Id = 250/iA 


60 


- 

V 

VQSlth) Threshold Voltage 

ALL 

2.0 

- ■ 

4.0 

V 

VdS = Vqs- 'd = 250mA 

IqsS ■ Source Leakage Forward 

1031 

- 

BBi 

EBI 

nA 

Vqs = 20 V 

•gSS Q®^® ■ Source Leakage Reverse 

ALL 

- 



||[QJ|||||| 

Vqs = -20V 

loss ^®'’® ^®^® Voltage Drain Current 

ALL 

- 



mA 

Vqs “ Sating, Vgg = OV 

_ 


IQI 

pk 

Vqs = Max. Rating x 0.8, Vgg = OV, Tq = 125®C 

*D(on) On-State Drain Current © 


0.5 

- 

- 

A 

VdS > 'D(on) X RDS(on) max.'VGS = lOV 


0.4 

- 

- 

A 

^DS(on) Static Drain-Source On-State 
Resistance © 

IRFD1Z0,1 

_ 

|QQ|i 

Bl 

0 

Vqs = lOV, Iq = 0.25A 

IRFD1Z2. 3 

- 

m 

1091 

Q 

gfg Forward Transconductance © 

ALL 



- 


VdS > 'D(on) X SDS(on) max.->D - 0-25A 


ALL 

- 

IQQI 

- 

pF 

Vqs = OV, Vds = 25V, f * 1.0 MHz 

See Fig. 9 


ALL 

- 

IQI 

— 

PF 


ALL 

- 

QQI 

_ 

pF 

td(on) Turn-On Delay Time 

IIQQIIII 

- 

■Si 


ns 

Vdd =* 0.5 BVdss, Id = 0.25A, Zq = 500 

See Fig. 16 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf Rise Time 

ALL 

- 

■at 

1^ 

ns 

td(off) Turn-Off Delay Time 

ALL 

_ 

mm 


ns 

tf Fall Time 

mmm 

- 

mm 


ns 

Qg Total Gate Charge 

(Gate-Source Plus Gate-Drain) 

ALL 

- 

m 


nC 

Vqs = 10V, Id = 1.2A, Vds = O.S Max. Rating. 

See Fig. 17 for test circuit. (Gate charge is essentially 
indeoendent of operating temperature.) 

Qgs Gate-Source Charge 

ALL 

- 

m 

- 


Qgd Gate-Drain (“Miller”) Charge 

ALL 

- 

IB 

- 


Lq Internal Drain Inductance 

ALL 

1 

mm 

1 

nH 

Measure from the 
drain lead, 2.0mm 
(0.08 in.) from 
package to center of 
die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

Lg Internal Source Inductance 


1 

6.0 


nH 

Measured from the 
source lead, 2.0mm 
(0.08 in.) from 
package to source 
bonding pad. 


Thermal Resistance 

I ^thJA Junction-to-Ambient | ALL | - | — | 120 | °C/W i| Free Air Operation 


Source-Drain Diode Ratings and Characteristics 


•s 

Continuous Source Current 
(Body Diode) 

IRFDIZO, 1 

- 

- 

0.5 

A 

Modified MOSFET symbol 
showing the integral 
reverse P-N junction rectifier. 

IRFD1Z2, 3 

_ 

_ 

0.4 

A 

•SM 

Pulse Source Current 
(Body Diode) 

IRFDIZO, 1 

- 

- 

IB 

A 

TRFD1Z2. 3 

_ 

- 

||[QB 

A 

VSD 

Diode Forward Voltage © 

IRFDIZO, 1 

- 

- 

1.4 

V 

Ta = 25°C, lg = 0.5A, Vrr = OV 



B333SB 

- 

- 

■El 

V 

Ta = 25°C, lg = 0.4A, V^g = OV 

trr 

Reverse Recovery Time 

Kjnn 

- 

1031 

- 

ns 


Qrr 

Reverse Recovered Charge 

ALL 

- 

jjEQ 

- 

pC 

Tj = 150®C, Ip = 0.5A, dip/dt = 100A/#ts 

ton 

Forward Turn-on Time 

alC""^ 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lg + Ld- | 


0Tj = 25°C to 150®C. ©Pulse Test: Pulse width < ZOOps, Duty Cycle < 2%. 
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gjj, TRANSCONDUCTANCE (SIEMENS) Iq. DRAIN CURRENT (AMPERES) |q. DRAIN CURRENT (AMPERES) 


iRFDfZO. IRFD1Z1, IRFD1Z2, IRFD1Z3 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics 



Vgs. GATE-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 


IR FDIZO, Z1- 

IRFofe!^ 


-OPERATION INTHISAREAf- 
-ISLIMITEOBYRos(on) f 


0 12 3 4 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 


~Tj= IBOOCMAX; 
SINGLE PULSE 


1.0 2 5 10 20 50 100 200 501 

Vqs, ORAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 4 — Maximum Safe Operating Area 


''DS>'0(on)x RDS(on) max. - 


Id, DRAIN CURRENT (AMPERES) 

Fig. 5 — Typical Transconductance Vs. Drain Current 
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-Tj = 

150OC 
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■ii^. 
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B. 
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[H 

■■ 


bh 

Pi 

mmm 

mimum 

■ 

8 

B 

l||^H 

B 

Vi 

■MM 

B 

B 

■ 
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Vsd, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 6 - Typical Source-Drain Diode Forward Voltage 
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IRFDIZO. IRFD1Z1, IRFD1Z2, IRFD1Z3 



Tj, JUNCTION TEMPERATURE (OC) 


Fig. 7 - Breakdown Voltage Vs. Temperature 



0 5 10 15 20 25 30 35 40 45 50 

Vqs. DRAIN-TO SOURCE voltage (VOLTS) 


Fig. 9 - Typical Capacitance Vs. Drain-to-Source Voltage 



0 12 3 4 


Iq, DRAIN CURRENT (AMPERES) 

Fig. 11 •“ Typical On<Resistance Vs. Drain Current 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8— Normalized On-Resistance Vs. Temperature 



Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 



Ta, AMBIENT TEMPERATURE (OC) 

Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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Pq, power dissipation (WATTS) 


/RFD1ZO, IRFD1Z1, IRFD1Z2, IRFD1Z3 



0 20 40 60 80 100 120 140 

Ta, ambient temperature (oC) 


Vgs 



Ei=0.5BVdss Ec = 0.75BVoss 


Fig. 13 — Power Vs. Temperature Derating Curve 


Fig. 14 ~ Clamped Inductive Test Circuit 


Ec 




Fig. 16 — Switching Time Test Circuit 



Fig. 17 — Gate Charge Test Circuit 
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Features 

• 0.6A and 0.45A, 150V - 200V 

• i'DS(on) = and 2.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The TRFD210, IRFD211, IRFD212, and IRFD213 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD210R, IRFD211R, IRFD212R, and IRFD213R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 



Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (To = 

+ 250 C), Unless otherwise Specified 






1RFD210 

IRFD211 

iRFD212 

IRFD213 




IRFD210R 

iRFD211R 

IRFD212R 

IRFD213R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = 20kn) (1). 

Continuous Drain Current 

.VdgR 

200 

150 

200 

150 

V 

Tc*»+250C. 

. Id 

0.6 

0.6 

0.45 

0.45 

A 

Pulsed Drain Current. 

. Idm 

2.5 

2.5 

1.8 

1.8 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

±20 

±20 

V 

Tc = +250C (See Figure 13). 

.Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13). 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped. 

.Ilm 

2.5 

2.5 

1.8 

1.8 

A 

(See Figure 14, L = 10OpH) 

Single Pulse Avalanche Energy Rating (3)_ 


30 

30 

30 

30 

mj 

Operating and Storage Junction. 

.Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering... 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1.6mm) from case for 10s) 







NOTES: 







1. Tj - + 25 OC to +150OC. 


3. Vdd = 

20V, starting Tj 

= + 25 OC. L = 

112.7mH, Rqs * 

son. 

2. Pulse Test: Pulse width < SOOps. Duty Cycle < 2%. 

•peak 

= 2.2A. See Figure 15. 



* R Suffix Types Only 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright ® Harris Corporation 1991 
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IRFD210, IRFD211, IRFD212, IRFD213 IRFD210R, IRFD211R, 1RFD212R, IRFD213R 
Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFD210/212, IRFD21 OR/212R 


IRFD211 /213, IRFD211R/213R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFD210/211, IRFD21 OR/211R 


IRFD212/213, IRFD212R/213R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFD210/211, IRFD21 OR/211R 


IRFD212/213, IRFD212R/213R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain inductance 


Internal Source Inductance 


Junction-to-Ambient 



TEST CONDITIONS 


1 UMITS 

UNITS 

1 MIN 

TYP 

MAX 


BVdSS Vgs = 0V,Id = 250mA 


VgS(TH) VdS = Vgs. Id = 250mA 


«GSS Vgs = 20V 


'GSS Vgs = -20V 


loss Vps = Max Rating, Vgs == OV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vqs > btON) X rDS(ON) Max, Vqs = 10V 


rDS(ON) Vgs = 10V, Iq = 0.3A 


VdS > Id(ON) X rDS(ON) Max. b = 0-3A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
S ee Figure 9 


Vdd - O.SBVdsS. »D = 0.6A, Rg = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V. Id = 0.6A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 
die. 


Measured from the 
source lead, 2.0mm 
(0.08”) from 
package to source 
bonding pad. 


Free air operation 



4.0 

V 

500 

nA 

-500 

nA 

250 

ma 

1000 

pA 






120 I OC/W 



Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Diode Forward Voltage (Note 2) 

VSD 

Tj = + 25 OC, Is = 0.6A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 0.6A, dlp/dt = 10OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 0.6A, dlp/dt == lOOA/jis 

Forward Tum-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Ld- 



NOTES: 

1. Tj = + 25 OC to +150OC 

2. Pulse Test: Pulse width < 300fis, Duty Cycle < 2% 


3. Vqd = 20V, starting Tj = +25^0. L = 11 2.7mH, Rqs = 500, 
•peak “ 2.2A. (See Figure 15.) 
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9ft, TRANSCONOUCTANCE (SIEMENS) 


mFD2 to, IRFD211, IRFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD213R 




0 2 4 6 8 10 

Vgs. gate TO SOURCE voltage (VOLTS) 


Fig. 1 — Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 



Vqs. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 



1.0 2 5 10 20 50 100 200 500 

Vqj, ORAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



Iq, ORAIN current (AMPERES) 

Fig. 5 — Typical Transconductance Vs. Drain Current 



Vsd.SOURCE-TO-ORAIN voltage (VOLTS) 

Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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iRFD210, IRFD211, IRFD212. IRFD213 IRFD210R. IRFD211R. IRFD212R. IRFD213R 



-40 0 40 80 120 160 


Tj, JUNCTION TEMPERATURE (“O 

Fig. 7 - Breakdown Voltege Vs. Temperature 



-40 0 40 80 120 160 

Tj. JUNCTION TEMPERATURE (<>0 

Fig. 8 — Normalized On-Resistance Vs. Temperature 



Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 9 ~ Typical Capacitance Vs. Drain-to-Source Voltage 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE InC) 


Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 




Iq. drain current (AMPERES) 


Ta. ambient TEMPERATURE (*>0 


Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD210, IRFD211.1RFD212, IRFD213 IRFD210R, IRFD211R, IRFD212R, IRFD213R 



0 20 40 60 80 100 120 140 

Ta, ambient temperature (0C> 


Fig. 13 - Power Vs. Temperature Derating Curve 





bvdss 


'L 

'■"tp 

\ 

—Vds 
* 


1 / 

1 / 

\ 



Fig. 14b - Clamped inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 



Rg. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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Features 

• 0.7A and 0.8A, 150V - 200V 

• ■'DS(on) = 0*8^^ a'ld 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD220, IRFD221, IRFD222, and IRFD223 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD220R, IRFD221R, IRFD222R, and IRFD223R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


fRFD220/221/222/223 
IRFD220R/221R/222R/223R 

N-Channei Power MOSFETs 
Avalanche Energy Rated* 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Continuous Drain Current 
Tc = +25OC. 


Maximum Power Dissipation 


Linear Derating Factor (See Figure 13) ... 

Inductive Current, Clamped. 

(See Figure 14, L=100pH) 

Single Pulse Avalanche Energy Rating (3). 


Temperature Range 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj « +250C to +150®C. 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. 


Unless Otherwise Specified 





IRFD220 

IRFD221 

IRFD222 

IRF0223 



IRFD220R 

IRFD221R 

IRFD222R 

1RFD223R 

UNITS 

• Vds 

200 

150 

200 

150 

V 

Vdgr 

200 

150 

200 

150 

V 

...Id 

0.8 

0.8 

0.7 

0.7 

A 

•••dm 

6.4 

6.4 

5.6 

5.6 

A 

• vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

1.0 

1.0 

1.0 

1.0 

W 


0.008 

0.008 

0.008 

0.008 

W/OC 

• • Ilm 

6.4 

6.4 

5.6 

5.6 

A 

•Eas* 

85 

85 

85 

85 

mJ 

i»tstg 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

....Tl 

300 

300 

300 

300 

OC 


3. Vdd = 25V, starting Tj = +250C, L = 12.62mH, Rqs = 500, 
iPEAK ~ 3.5A. See Figure 15. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFD220, IRFD221, IRFD222, /RFD223 JRFD220R, /RFD221R, IRFD222R, /RFD223R 
Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS I 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRFD220/222, IRFD220R/222R 

bvdss 

Vqs = OV, Id = 250pA 

200 

- 

_ 

V 

IRFD221/223,IRFD221R/223R 

150 

- 

- 

V 

Gate Threshold Voltage 

EcHHHl 

VdS = Vgs. Id = 250pA 

2.0 

- 

4.0 

V 

Gate-Source Leakage Forward 

igss 

Vgs = 20V 

- 

- 

500 

nA 

Gate-Source Leakage Reverse 

igss 

Vgs = -20V 

- 

- 

-500 

nA 

Zero Gate Voltage Drain Current 

idss 

Vds = Max Rating, Vgs = OV 

- 

- 

250 

ma 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


- 

1000 

pA 

On-State Drain Current (Note 2) 
IRFD220/221, IRFD220R/221R 

ID(ON) 

Vds > iD(ON) X rDS(ON) Max, Vgs = ^ OV 

0.8 

■ 

- 

m 

IRFD222/223, IRFD222R/223R 

0.7 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 

IRFD220/221, IRFD220R/221R 

rDStON) 

VgS=10V,Id==0.4A 

■ 

0.5 

0.8 

Cl 

IRFD222/223, IRFD222R/223R 


0.8 

1.2 

Cl 


Forward Transconductance (Note 2) I gfg Vps > Id(ON) ^ rDS{ON) Max» 0.5 1.1 


l Etaa 


Input Capacitance _ C\ss Vqs = OV, Vps = 25V, f = 1 .OMHz 

Output Capacitance CqsS Figure 9 



Reverse Transfer Capacitance Crss 


Turn-On Delay Time 

BiSibllH 

Vdd 0.5BVDSS. Id = 0.8A, Rg = 9.1 Cl 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 

Rise Time 


Turn-Off Delay Time 


Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = 10V, Id = 0.8A, Vds = 0.8 Max 

Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller") Charge 

Qqd 

Internal Drain Inductance 

Ld 

Measured from 
the drain lead, 

2.0mm (0.08 In.) 
from package 
to center of 
die. 

K^IUIliSXsllslllsm 

Internal Source Inductance 

Ls 

Measured from the 
source lead, 2.0mm 
(0.08") from 
package to source 
bonding pad. 



Junction-to-Case 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET _: 

symbol showing the jT 

SI 

- 

- , 

0.8 

H 

Pulse Source Current 
(Body Diode) 

•SM 

integral reverse / |- 

P-Njunc. rectifier. G ( H-i 

n 

■ 

■ 


■ 



i 

■ 

■ 

■ 

■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj +250C, Is = 0.8A, Vgs = OV 



- 

IQJH 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 0.8A, dlp/dt = 10OA/ps 


150 

. - 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 0.8A, dlp/dt = 10OA/ps 

- 

0.6 


pC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


” 




NOTES: 

1. Tj = +25^0 to +150^0 3. = 25V, starting Tj = +250C, L = 12.62mH, Rqs = 500, 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2% 'PEAK = 3-5A. (See Figure 15.) 
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9f,. TRANSCONOUCTANCE (SIEMENS) ‘O. DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 


IRFD220. IRFD221, IRFD222, IRFD223 IRFD220R, IRFD221R. IRFD222R. IRFD223R 



Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 — Typical Output Characteristics 



Vgs. gate TO source voltage (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 
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0 2 4 6 8 10 

Vqs, drain to SOURCE VOLTAGE (VOLTS) 



1.0 2 5 10 20 50 100 200 500 

Vqs. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 - Maximum Safe Operating Area 



0 2 4 6 8 10 

Iq. drain current (AMPERES) 

Fig. 5 — Typical Transconductance Vs. Drain Current 



0 12 3 

Vso.SOURCE-TO DRAIN VOLTAGE (VOLTS) 

Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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RoS(on). drain TO SOURCE ON RESISTANCE (OHMS) 


IRFD220. IRFD221, IRFD222. IRFD223 /RFD220R, IRFD22 7R, IRFD222R, IRFD223R 



Tj, JUNCTION TEMPERATURE (“O Tj, JUNCTION TEMPERATURE (OQ) 

Fig. 7 - Breakdown Voltage V*. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 



0 10 20 30 40 50 0 4 8 12 16 20 


Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 

Fig. 9 ~ Typical Capacitance Vs. Drain-to*Source Voltage Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 



Iq. (TRAIN CURRENT (AMPERES) T^. AMBIENT TEMPERATURE (“O 

Fig. 11 — Typical On-Resistance Vs. Drain Current Fig. 12 - Maximum Drain Current Vs. Case Temperature 
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IRFD220, IRFD221, IRFD222. IRFD223 IRFD220R. IRFD221R, IRFD222R, IRFD223R 



Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 
REQUIRED PEAK l|. 





tl = 0.5 BVq33 Eq= 0.75BVd33 
Fig. 14a ~ Clamped Inductive Test Circuit 


''ds 





^''dss 





-^Vds 

•l 

— 

\ 

r~. 


1 / 

1 / 




Fig. 14b - Clamped Inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 




SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


Rg. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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^ HARRIS IRFD2Z0, IRFD2Z1 

IRFD2Z2, IRFD2Z3 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 0.30A and 0.32A, 150V - 200V 

• ''DS(on) = S.on and 6.50 

Package 

4-PIN DIP 

TOP VIEW 


• SOA is Power-Dissipation Limited 

- 

□ SOURCE 

• Nanosecond Switching Speeds 

DRAIN 1^ 


• Linear Transfer Characteristics 

L 

□ GATE 

• High Input Impedance 

• Majority Carrier Device 



Description 



The IRFD2Z0, IRFD2Z1, IRFD2Z2, and 1RFD2Z3 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors designed for applications such as switching regula¬ 
tors, switching converters, motor drivers, relay drivers, and 
drivers for high-power bipolar switching transistors requiring 
high speed and low gate-drive power. These types can be 
operated directly from integrated circuits. 

Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 

The IRFD types are supplied in the 4-pin DIP package. 

S 



Absolute Maximum Ratings (Tq 

= +2500), Unless Otherwise Specified 

1RFD2Z0 IRFD2Z1 

IRFD2Z2 

1RFD2Z3 

UNITS 

Drain-Source Voltage (1). 

.VdS 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = 20 kn) (1). 

Continuous Drain Current 

.VdgR 

200 

150 

200 

150 

V 

Tc = +250C. 

.Id 

0.32 

0.32 

0.30 

0.30 

A 

Pulsed Drain Current. 

.Idm 

1.5 

1.5 

1.4 

1.4 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tq = +250C (See Figure 13). 

.Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13)_ 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped (3). 

.‘lm 

1.5 

1.5 

1.4 

1.4 

A 

Operating and Storage Junction. 

Temperature Range 

.Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

Maximum Lead Temperature for Soldering . 
(0.063” (1.6mm) from case for 10s) 

.Tl 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj =+25OC to+1500C. 

2. Pulse Test: Pulse width < 300|iS. Duty Cycle < 2%. 
3 See Figures 14 and 15. L = 10OjiH 


CAUTiON: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2329.1 
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Specifications IRFD2Z0, !RFD2Zh IRFD2Z2, IRFD2Z3 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) - 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TYPE 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 

BVdss 

IRFD2Z0 

IRFD2Z2 

200 

- 

- 

V 

Vgs = 0 V 




IRFD2Z1 

IRFD2Z3 

150 

- 

- 

V 

Id = 250/t/A 


Gate Threshold Voltage 

VGS(th) 

ALL 

2.0 

— 

4.0 

V 

Vds = Vgs. Id = 250//A 

Gate-Source Leakage Forward 


ALL 

__ 

— 

500 

nA 

Vgs = 20 V 


Igss 

ALL 


— 

lEsSI 

nA 





__ 

— 



Vds = Max. Rating, Vgs = 0 V 



— 

— 

T«!i!« 

KiJH 

Vds = Max. Rating x 0.8, Vqs = 0 V, Tc = 125®C 

On-State Drain Current © 

lo(onl 

IRFD2Z0 

IRFD2Z1 


- 

- 

A 





IRFD2Z2 

IRFD2Z3 

0.30 

- 

- 

A 

vds «D(on) X roston) max., VGS “ “ lU V 

Static Drain-Source On-State 
Resistance © 

rDS(on) 

IRFD2Z0 

IRFD2Z1 

- 

4.6 


Q 

Vgs = 10 V, Id = 0.15 A 



IRFD2Z2 

IRFD2Z3 

_ 

m 

la 

Q 

Forward Transconductance © 

9ts 

ALL 



— 

s(u) 

Vds > iD(on) X roSton) max., Id 

= 0.15 A 

Input Capacitance 

Ciss 

ALL 

— 

KB 

— 

PF 


Output Capacitance 

Coss 

ALL 

— 

mm 

— 

PF 

See Fig. 9 


Reverse Transfer Capacitance 

Crss 

ALL 

— 

4.0 

— 

pF 


Turn-On Delay Time 

td(on) 

ALL 

_ 

15 

— 

■!9i 

Vdd 0.5 BVdss. Id = 0.15 A. Zo = 50 fi 

Rise Time 

tr 

ALL 

— 

10 

— 

■SSI 

See Fig. 16 


Turn-Off Delay Time 

td(off) 

ALL 

— 

22 

— 

ns 

(MOSFET switching times are essentially 


Qmiii 

HESS^I 


1^ 

— 


independent of operating temperature.) 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

Qq 



ra 



Vgs = 10 V, b = 1.5 A, Vds = 0.8 V Max. Rating. 

See Fig. 17 for test circuit. (Gate charge is 


Qgs 

ALL 

— 

mm 

— 

■il»M 

essentially independent of operating 

Gate-Drain (“Miller”) Charge 

Qgd 

ALL 

__ 

mm 

— 


temperature.) 


Internal Drain Inductance 

Ld 

ALL 


4.0 


nH 

Measured from the 
drain lead, 2.0 mm 
(0.08 in.) from package 
to center of die. 

Modified MOSFET 
symbol showing th« 
internal device 

Internal Source Inductance 

Ls 

ALL 


6.0 


nH 

Measured from the 
source lead, 2.0 mm 
(0.08 in.) from 
package to source 
bonding pad. 

inductances.^^^^^^^ 

S 


THERMAL RESISTANCE 

I Junction-to-Ambient RgjA | ALL I ~ | ~ | 120 | °C/W | Free Air Operation 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Continuous Source Current Is 

(Body Diode) 

IRFD2Z0 

IRFD2Z1 

- 

- 

0.32 

A 

Modified MOSFET symbol 

showing the integral o 

reverse P-N junction rectifier. 

0 

s 

IRFD2Z2 

IRFD2Z3 

- 

- 

0.30 

A 

Pulse Source Current Ism 

(Body Diode) 

IRFD2Z0 

IRFD2Z1 

- 

- 

1.5 

A 

IRFD2Z2 

IRFD2Z3 

__ 

- 

1.4 

A 

Diode Forward Voltage © Vsd 

IRFD2Z0 

IRFD2Z1 

- 

- 

1.3 

V 

Tc = 25“ C, Is = 0.32 A, Vgs = 0 V 

IRFD2Z2 

IRFD2Z3 

- 

- 

1.3 

V 

Tc = 25“ C, Is = 0.30 A, Vgs = 0 V 

Reverse Recovery Time b 

ALL 

— 

125 

— 

ns 

Tj = 150“C, If = 0.30 A, db/dt = 100 A/ps 

Reverse Recovered Charge Qrr 

ALL 

__ 

0.2 

— 

aC 

Tj = 150“C, If = 0.30 A. db/dt = 100 A/ps 

Forward Turn-on Time W 

ALL 

Intrinsic turn-on time is negligible. 

Turn-on speed is substantially controlled by Ls + Ld. 


© Tj = 25^0 to 150‘’C. 

© Pulse Test: Pulse width < 300 fjs, Duty Cycle < 2%. 
® (See Fig. 14 and 15) L = 100 yuH 
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IRFD2Z0, IRFD2Z1, IRFD2Z2, /RFD2Z3 



Fig. 1 — Typical Output Characteristics 



Vqs, DRAIN TO-SOURCE voltage (VOLTS) 

Fig. 3 — Typical Saturation Characteristics 



Fig. 5 ~ Typical Transconductance Vs. Drain Current 



0 2 4 6 8 10 

Vqs. GATE-TO-SOURCE voltage (VOLTS) 

Fig. 2 — Typical Transfer Characteristics 



Vos. DRAIN-SOURCE VOLTAGE (V) 


92CS-43538 

Fig. 4 — Maximum Safe Operating Area 



0 0.4 0.8 1.2 1.6 2.0 

VsD, SOURCE TO-DRAIN VOLTAGE (VOLTS) 

Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD2Z0. IRFD2Z1. IRFD2Z2, IRFD2Z3 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 7 — Breakdown Voltage Vs. Temperature 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 

Fig. 8 — Normalized On-Resistance Vs. Temperature 



0 5 10 15 20 25 30 35 40 45 50 


Vos, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 9 - Typical Capacitance Vs. Drain-to-Source Voltage 



0 1.0 2.0 3.0 4.0 

Qg, TOTAL GATE CHARGE (nC) 

Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 12 3 4 

Iq. DRAIN CURRENT (AMPERES) 



25 50 75 100 125 150 

Ta, ambient temperature (°C) 

92CS-43539 


Fig. 11 — Typical On-Resistance Vs. Drain Current 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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Pq, power DISStPATION (WATTS) 


mFD2Z0. IRFD2Z1. IRFD2Z2, IRFD2Z3 



0 20 40 60 80 100 120 140 

Ta, ambient temperature (“0 

Fig. 13 — Power Vs. Temperature Derating Curve 


required peak I, 



Vdd = 0 5BVoss 


Fig. 14 — Clamped inductive Test Circuit 




sampling sampling 

resistor resistor 

Fig. 17 — Gate Charge Test Circuit 
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Features 

• 0.3A and 0.4A, 350V - 400V 

• rDS{on) = 3.60 and 5.00 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

Description 

The IRFD310, IRFD311, IRFD312, and IRFD313 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFD310R, IRFD311R, IRFD312R, and IRFD313R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 


IRFD310/311/312/313 
mFD310R/311R/312R/313R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Drain-Source Voltage (1). 

Drain-Gate Voltage (Rqs = 20 kn) (1). 
Continuous Drain Current 
Tc +250C. 


Maximum Power Dissipation 

Tc = +250C (See Figure 14). 

Linear Derating Factor (See Figure 13) 

Inductive Current, Clamped. 

(See Figure 14, L= 1004 H) 


Temperature Range 

Maximum Lead Temperature for Soldering . 
(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj = +250C to +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 15). 


, Unless Otherwise Specified 





IRFOSIO 

IRFD311 

IRF0312 

IRFD313 



IRFD310R 

IRFD311R 

IRFD312R 

IRFD313R 

UNITS 

• Vds 

400 

350 

400 

350 

V 

vdgr 

400 

350 

400 

350 

V 

... Id 

0.4 

0.4 

0.3 

0.3 

A 

••'dm 

1.6 

1.6 

1.2 

1.2 

A 

• Vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

1.0 

1.0 

1.0 

1.0 

W 


0.008 

0.008 

0.008 

0.008 

W/OC 

... Ilm 

1.6 

1.6 

1.2 

1.2 

A 

• ^as* 

45 

45 

45 

45 

mJ 

I.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

oc 

,...Tl 

300 

300 

300 

300 

oc 


4 . Vdd = 40V, starting Tj = +250C, L * 44.89mH, Rqs = 500, 
•peak ~ ^ ’4A. See Figure 15. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2324.1 
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IRFD310, IRFD311, IRFD312, IRFD313 IRFD310R, IRFD311R, IRFD312R, IRFD313R 
Electrical Characteristics Tc = + 250 C. Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 
IRFD310/312, IRFD31 OR/312R 

BVdsS 

Vqs = OV, Id = 250hA 

IRFD311 /313, IRFD311R/313R 

Gate Threshold Voltage 


VdS = Vgs. Id = 250.uA 

Gate-Source Leakage Forward 

>GSS 

Vqs = 20V 

Gate-Source Leakage Reverse 

•gss 

Vqs =-20V 

Zero Gate Voltage Drain Current 

•dss 

Vqs = Max Rating, Vqs = OV 

Vds - Max Rating x 0.8, Vqs - OV, 

Tc = +1250C 

On-State Drain Current (Note 2) 
IRFD310/311, IRFD31 OR/311R 

ID{0N) 

Vds > ID(ON) X rDS(ON) Max, Vqs * 1 0V 

IRFD312/313, IRFD312R/313R 

Static Drain-Source On-State 
Resistance (Note 2) 

IRFD310/311,1RFD31 OR/311R 

»’DS(ON) 

Vqs = 10V, Id = 0.2A 

IRFD312/313,IRFD312R/313R 

Forward Transconductance (Note 2) 

Qfs 

Vds > bfON) X roSfON) Max »'d = 0.2A 

Input Capacitance 

C|SS 

VgS = OV, Vds = 25V, f = 1 .OMHz 

See Figure 10 

Output Capacitance 

Goss 

Reverse Transfer Capacitance 

CrsS 

Turn-On Delay Time 

BSBI 

Vdd - O.SBVdsS. ‘D = 0.4A, Rq = 9.1 CL 
See Figure 17. (MOSFET switching times 
are essentially Independent of operating 
temperature) 

Rise Time 

tr 

Turn-Off Delay Time 

td(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vqs = 1 0V, Id = 0.4A, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 

Gate-Source Charge 

Qgs 

Gate-Drain ("Miller”) Charge 

Qod 



Internal Drain Inductance 


Internal Source Inductance 


Ld 

Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 
die. 

Ls 

Measured from the 
source lead, 2.0mm 
(0.08") from 
package to source 
bonding pad. 




nH 



nH 


Junction-to-Ambient 


Free air operation 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _^ 

symbol showing the jF 

31 

- 

- 


H 

Pulse Source Current 
(Body Diode) (Note 3) 

'SM 

integral reverse / , ^ 

P-Njunc. rectifier. G 1 1 H-n 'i 

n 

mm 

■ 

1.6 

■ 



i 

m 

■ 


■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 1.6 A, Vqs = OV 


- 

- 

1.6 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 1.6A, dlp/dt = 10OA/jis 


380 

- 

ns 


Qrr 

Tj = +150OC, Ip = 1.6A, dlp/dt = 10OA/ps 


2.7 

- 

mC 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



** 



NOTES: 

■j Tj + 25 OC to +150^0 Repetitive Rating: Pulse width limited by max. 4. Vqq » 40V, starting Tj = +25^0, 

junction temperature. See Transient Thermal L = 44.89mH, Rqs = 50n, IpEAK “ t-^A. 

2. Pulse Test: Pulse width < 300ms. Impedance Curve (Figure 5). (See Figure 15.) 

Duty Cycle <2% 
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gfs, TRANSCONDUCTANCE (SIEMENS) 


IRFD310. IRFD311. IRFD312, IRFD313 IRFD310R, JRFD311R, IRFD312R, IRFD313R 



0 20 40 60 80 ,100 


Vqs, DRAIN-TO SOURCE voltage (VOLTS) 

Fig. 1 — Typical Output Characteristics 



VgS- GATE TO SOURCE voltage (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



.,"t —t-r= t=i 

0 2 4 6 8 10 

Vos, DRAIN-TO SOURCE VOLTAGE (VOLTS) 


Fig. 3 — Typical Saturation Characteristics 




92CS-42798 


Fig. 4 — Maximum Safe Operating Area 



Fig. 5 — Typical Transconductance Vs. Drain Current 



Vso. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 6 •— Typical Source-Drain Diode Forward Voltage 
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BVqss. drain to source breakdown voltage 

C, capacitance (pF) (NORMALIZED) 


mFD310. IRFD311. IRFD312, IRFD313 IRFD310R, mFD311R. IRFD312R, IRFD313R 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 7 — Breakdown Voltage Vs. Temperature 



-55 -34.5 -14 6.5 27 47.5 68 88.5 109 129.5 150 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 8 — Normalized On-Resistance Vs. Temperature 



Vos. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 2 4 6 8 10 

Qg, TOTAL GATE CHARGE (nC) 

Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 



0 1 2 3 4 5 6 7 

Iq, drain CURRENT (AMPERES) 



Fig. 11 — Typical On-Resistance Vs. Drain Current 


Fig. 12 — Maximum Drain Current Vs. Case Temperature 
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IRFD310, IRFD311, IRFD312, /RFD313 1RFD310R, IRFD311R, IRFD312R, IRFD313R 



— 

— 


1 ^—' 

1 1 

R... lA < I20OC/W 

— 


















'I 

V 








N 

k 


















N 



0 20 40 60 80 100 120 140 

Ta, ambient temperature (OC) 


Fig. 13 - Power Vs. Temperature Derating Curve 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


Vgs= - 7 - 

JJ <P 






— El 


DUT I 
O— 

- V-K 


x 


WV-' 


fx 


Ei = 0.5 BVdqs Ec- 0.75BVDSS 
Fig. 14a - Clamped Inductive Test Circuit 


Vds 



Ec 

f~i 



—tp —^ 

n 

Vos 


'l I 

1 ! 




i-" 

1 

\ 

t 

El 



Fig. 14b - Clamped Inductive Waveforms 


Rg. 15b > Undamped Energy Waveforms 



Fig. 16 - Switching Time Test Circuit 


Rg. 17 - Gate Charge Test Circuit 
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IRFD320/321/322/323 
mFD320R/321R/322R/323R 

N-Channel Power IVIOSFETs 
Avalanche Energy Rated* 


Features 

Package 


• 0.5A and 0.4A, 350V - 400V 

4-PIN DIP 

TOP VIEW 


• ^’DSton) = and 2.SCl 



• Single Pulse Avalanche Energy Rated* 


□ SOURCE 

• SOA is Power-Dissipation Limited 

DRAIN ^ 


• Nanosecond Switching Speeds 

- 

□ GATE 

• Linear Transfer Characteristics 



• High input Impedance 



Description 



The IRFD320, IRFD332, IRFD322, and IRFD323 are 
n-channel enhancement-mode silicon-gate power field-effect 

Terminal Diagram 


transistors. IRFD320R, IRFD332R, 1RFD322R, and 1RFD323R 

N-CHANNEL ENHANCEMENT MODE 

types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 

D 

O 


MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

i 1 

GO-W 

) 

The IRFD types are supplied in the 4-pin dual-in-line plastic 
package. 

o 

s 



Absolute Maximum Ratings (Tc 

= +250C), Unless Otherwise Specified 






IRFD320 

IRFD332 

IRFD322 

iRFD323 




IRFD320R 

IRFD332R 

IRFD322R 

IRFD323R 

UNITS 

Drain-Source Voltage (1). 

.Vqs 

400 

350 

400 

350 

V 

Drain-Gate Voltage (Rqs = 20kO) (1). 

Continuous Drain Current 

.Vdgr 

400 

350 

400 

350 

V 

Tc = +250C. 

. Id 

0.5 

0.5 

0.4 

0.4 

A 

Pulsed Drain Current (3). 

.Idm 

2.0 

2.0 

1.6 

1.6 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C (See Figure 13). 

..Pd 

1.0 

1.0 

1.0 

1.0 

W 

Linear Derating Factor (See Figure 13) .... 


0.008 

0.008 

0.008 

0.008 

W/OC 

Inductive Current, Clamped.. 

.Ilm 

2.0 

2.0 

1.6 

1.6 

A 

(See Figure 14, L = 10OjiH) 

Single Pulse Avalanche Energy Rating (4).. 

.Eas* 

100 

100 

100 

100 

mj 

Operating and Storage Junction. 

.Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering . 

.Tl 

300 

300 

300 

300 

OC 


(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj = 4-250C to +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 


R Suffix Types Only 


3. Repetitive Rating: Pulse width limited by maximum junction 
temperature. See Transient Thermal Impedance Curve (Figure 5). 

4. Vdd = starting Tj = +250C, L = 29.09mH, Rqq = 500. 
'peak ~ 2.5A. See Figure 1 5. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2325.1 
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IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R. IRFD321R, IRFD322R, IRFD323R 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFD320/322, IRFD320R/322R 


IRFD321/323,IRFD321R/323R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFD320/321, IRFD320R/321R 


IRFD322/323, IRFD322R/323R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFD320/321, IRFD320R/321R 


IRFD322/323, IRFD322R/323R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Ambient 


BVdSS Vgs = OV, Id = 250pA 


VgS(TH) Vds = VqS. «D = 250mA 


‘GSS Vgs = 20V 


IGSS Vgs = '20V 


Vqs = Max Rating x 0.8, Vgs - OV, 
Tc = +1250C 


ID(ON) Vds > •D(ON) x rDS(ON) Max, Vqs = 1 0V 


''DS(ON) Vgs = 10V,Id = 0.25A 


Vds > bfON) X rDS(ON) Max> ‘D = 0-25A 


Vgs = ov, Vds = 25 v, f = 1 .omhz 
See Figure 10 


Vdd ^ o.sbvdss. Id = o.sa, rg = 9.1 n 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 ov, Ip = O.SA, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured from 
the drain lead, 
2.0mm (0.08 in.) 
from package 
to center of 
die. 


Measured from the 
source lead, 2.0mm 
(0.08") from 
package to source 
bonding pad. 


Bo JA Free air operation 






Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-Njunc. rectifier. 


Continuous Source Current 
(Body Diode) 

>S 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VsD 

Reverse Recovery Time 

Vr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

iQN 


NOTES; 

1. Tj = +25OC to +150OC 

2. Pulse Test; Pulse width <300|iS, 

Duty Cycle < 2% 



Tj = +25OC, Is = 2.0A, Vgs = ov 


Tj = +150OC, Ip = 2.0A, dlp/dt = 10OA/jiS 


Tj = +150OC, Ip = 2.0A, dip/dt = 1 OOA/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


3. Repetitive Rating; Pulse width limited by max. 4. Vqq = 40V, starting Tj = +25^0, 

junction temperature. See Transient Thermal L = 29.09mH, Rqs = 500, IpEAK ** 2.5A. 

Impedance Curve (Figure 5). (See Figure 15.) 
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g»s, TRANSCONDUCTANCE (SIEMENS) 'D- ORAIN CURRENT (AMPERES) 


IRFD320. IRFD321, IRFD322. IRFD323 /RFD320R, /RFD321R, IRFD322R. IRFD323R 



Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 1 — Typical Output Characteristics 



0 4 a 12 16 20 


Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 



0 1,2 3 4 5 6 

Vgs, GATE TO SOURCE VOLTAGE (VOLTS) 


Fig. 2 — Typical Transfer Characteristics 



92CS-42799 


Fig. 3 — Typical Saturation Characteristics 


Fig. 4 — Maximum Safe Operating Area 



0 1 2 3 4 5 6 

Iq, drain current (AMPERES) 


Fig. 5 — Typical Transconductance Vs. Drain Current 



Fig. 6 — Typical Source-Drain Diode Forward Voltage 
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IRFD320. IRFD321, IRFD322. IRFD323 IRFD320R, IRFD321R, /RFD322R, IRFD323R 



Tj, JUNCTION TEMPERATURE (<»C) Tj, JUNCTION TEMPERATURE (<>0 

Fig. 7 — Breakdown Voltage Vs. Temperature Fig. 8 — Normalized On-Resistance Vs. Temperature 



0 10 20 30 40 50 0 4 8 12 16 20 

Vqs, ORAIN TO SOURCE voltage (VOLTS) °g- total GATE CHARGE (nC) 

Fig. 9 — Typical Capacitance Vs. Drain-to-Source Voltage Fig. 10 — Typical Gate Charge Vs. Gate-to-Source Voltage 



IQ, DRAIN CURRENT (AMPERES; 



Fig. 11 - Typical On-Resistance Vs. Drain Current Fig. 12 - Maximum Drain Current Vs. Case Temperature 


4-421 


N-CHANNEL 
POWER MOSFETs 







IRFD320, IRFD321, IRFD322, IRFD323 IRFD320R, IRFD321R, IRFD322R, IRFD323R 



0 20 4C 60 80 100 120 140 

Tc. CASE TEMPERATURE (OC) 

Fig. 13 - Power Vs. Temperature Derating Curve 


''DS 


VARY tp TO OBTAIN 
REQUIRED PEAK II 





= 10V 

tp 

c 

XJ 




Ei = O.SBVdss Ec= 0.75BVdsS 
Fig. 14a - Clamped Inductive Test Circuit 

Ec ■ 

^Vps 
ll 


i- 





BV, 


DSS 





—Vps 

IL 

- 

\ 

.r“ 


1 / ^ 
1/ 




■ vdd 


Fig. 14b - Clamped Inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 



4-422 




August 1991 


IRFF110/111/112/113 
IRFF110R/111R/112R/113R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 3.0A and 3.5A, 80V - 100V 

• ’'DS(on) = O.en and O.SH 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The IRFF110, IRFF111, IRFF112, and IRFF113 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF110R, IRFF111R, IRFF112R, and IRFF113R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JED EC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




IRFF110 

IRFF111 

IRFF112 

IRFF113 




IRFF110R 

IRFF111R 

IRFF112R 

IRFF113R 

UNITS 

Drain-Source Voltage (1). 

. VdS 

100 

80 

100 

80 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

. VdgR 

100 

80 

100 

80 

V 

Tc = + 25 OC . 

. Id 

3.5 

3.5 

3.0 

3.0 

A 

Pulsed Drain Current (3). 

.'dm 

14 

14 

12 

12 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = + 25 OC. 

.Pd 

15 

15 

15 

15 

W 

Linear Derating Factor. 


0.12 

0.12 

0.12 

0.12 

W/OC 

Inductive Current, Clamped. 

.Ilm 

14 

14 

12 

12 

A 

(See Figure 14, L=100 mH) 

Single Pulse Avalanche Energy Rating (4). 

. Eas* 

19 

19 

19 

19 

mJ 

Operating and Storage Junction. 

-Tj.TSTG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering. 

. Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = + 25 OC to +150OC. 


4. Vqd * 

5 V, Starting Tj 

= +25OC, L = 2.3mH, Rqs = 25n. 



2 . Pulse Test: Pulse width < 300|iS, Duty Cycled 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


^PEAK ~ 3.5A. See Figure 15. 


* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF110, !RFF111, IRFFI12, IRFF113 IRFF110R, IRFF111R, /RFF112R, IRFF113R 
Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF110/112, IRFF110R/112R 


IRFF111/113, IRFF111R/113R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF110/111, IRFF110R/111R 


IRFF112/113, IRFF112R/113R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF110/111, IRFF110R/111R 


IRFF112/113, IRFF112R/113R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


internal Drain inductance 


Internal Source inductance 


Junction-to-Case 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS 


MIN TYP 


BVdSS Vgs = 0V,Id = 250pA 


VdS = VgS» Id == 250mA 


Vgs = 20V 


Vgs = -20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


Vds > ‘D(ON) X rDS(ON) Max, Vqs = 10V 




«'DS(ON) Vgs = 10V,Id = 1.5A 


Vds > 'D{0N) X rDS(ON) Max> 'D = ^ -SA 


VgS = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd - o.sbvdss. Id = o.sa, rg = 9.1 a 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 1 OV, Ip = 3.5A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 


Free air operation 


0.5 

0.6 

0.6 

0.8 









8.33 


175 OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


NOTES: 1. Tj = +250C to,+150OC 

2. Pulse Test: Pulse width < aoOjyis, 
Duty Cycle < 2% 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tj = +250C, Is = 3.5A, Vgs = OV 


Tj = +150OC, Ip = 3.5A, dlp/dt = 10OA/jis 


Tj = +150OC, Ip = 3.5A, dip/dt = 1 OOA/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 



3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4. Vdd “ 5V, starting Tj = +250C. 

L = 2.3mH, Rqs = 250, IpgAK " 3-5A. (See 
Figure 16.) 
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Z,hjc(t)/RthJC. normalized effective transient 


IRFF1 70, IRFF11 /, IRFF112, IRFF113 /RFF110R, IRFF111R, IRFF112R, 1RFF113R 
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to 20 30 40 

Vos. drain TO SOURCE VOLTAGE (VOLTS) 



Vgs. gate to source voltage (VOLTS) 


Fig. 1 — Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 



Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical Saturation Characteristics 
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BVqss ORAtN TO-SOURCE BREAKDOWN VOLTAGE _ 

C. CARACiTANCE (fF) WORMALIZEO) -• 9h. TRANSCONOUCTANCE (SIEMENS) 


IRFF110. IRFF111. IRFF112, IRFF113 IRFF110R, IRFF111R, IRFF112R, IRFF113R 
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VsD. SOURCE TO DRAIN VOLTAGE (VOLTS) 


6 -T Typical Transconductance Vs. Drain Current Fig. 7 — Typical Source-Drain Diode Forward Voltage 




Fig. 8 — Breakdown Voltage Vs. Temperature Fig. 9 — Normalized On-Resistance Vs. Temperature 



Vqs. drain TO-SOURCE voltage (VOLTS) 



Fig. 10 - Typical Capacitance Vs. Drain-to-Source Voltage Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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IRFF110, 1RFF111, IRFF112, IRFF113 IRFFI10R, 1RFF111R, IRFF112R, IRFF113R 



Iq. drain current (AMPERES) 


Tc.CASE TEMPERATURE (OC) 


Figure 12 - Typical On-Resistance Vs. Drain Current 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vqs 




C 

0.05X1 

-VW—' 

= 0.75BVDSS 


ri 


Fig. 14a - Clamped Inductive Test Circuit 


''ds 



Ec 



^'^DSS 

Hri 





-«—Vds 

'L 

—V 

\ 



1 / 




1 / 



Fig. 14b - Clamped Inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 




Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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IRFF120/121/122/123 

IRFF120R/121R/122R/123R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

Package 

TO-205AF 

® 5.OA and 6.0A, 80V - 100V 

® •'DS(on) = 0.30n and 0.40n 

BOTTOM VIEW 

« Single Pulse Avalanche Energy Rated* 

SOURCE ___ ^TE 

• SOA is Power-Dissipation Limited 


® Nanosecond Switching Speeds 


• Linear Transfer Characteristics 

• High Input Impedance 

Description 

V DRAIN 

(CASE) 

The IRFFI20, IRFF121, IRFF122, and IRFF123 are 
n-channel enhancement-mode silicon-gate power field-effect 

Terminai Diagram 

transistors. IRFF120R, IRFF121R, IRFF122R, and IRFF123R 
types are advanced power MOSFETs designed, tested, and 

N-CHANNEL ENHANCEMENT MODE 

guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers. 

D 

and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

1 ^ 1 

GoM I —J 

The IRFF types are supplied in the JEDEC TQ-205AF (Low 
Profile TO-39) metal package. 

6 

s 


Drain-Source Voltage (1) . 
Drain-Gate Voltage (Rqs = 
Continuous Drain Current 
Tq = 4-250C. 


Gate-Source Voltage... 

Maximum Power Dissipation 

Tc = +250C. 

Linear Derating Factor. 


(See Figure 14, L=100|iH) 

Single Pulse Avalanche Energy Rating (4). 


Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj =+25OC to+150OC. 

2. Pulse Test; Pulse width ^300|iS, Duty Cycle <2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


Unless Otherwise Specified 

IRFFI 20 IRFF12t 

IRFF120R IRFF121R 

IRFF122 

1RFF122R 

IRFF123 

IRFF123R 

UNITS 

• Vds 

100 

80 

100 

80 

V 

Vdgr 

100 

80 

100 

80 

V 

...Id 

6.0 

6.0 

5.0 

5.0 

A 

■••dm 

24 

24 

20 

20 

A 

• VqS 

±20 

±20 

±20 

±20 

V 

...Pd 

20 

20 

20 

20 

W 


0.16 

0.16 

0.16 

0.16 

W/OC 

•• «LM 

24 

24 

20 

20 

A 

• • Eas* 

36 

36 

36 

36 

mJ 

I.TstG 

-55 to +150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

....Tl 

300 

300 

300 

300 

OC 


4. Vdd = 25V, starting Tj = +250C, L = 1.5mH, Rqs = 250, 
IpEAK ~ 6.0A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF120, IRFF12 /, IRFF122, IRFF123 IRFF120R, IRFF121R, IRFF122R, IRFF123R 
Electrical Characteristics Jq - +250C, Unless Otherwise Specified 



CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF120/122, IRFF120R/122R 


IRFF121/123, IRFF121R/123R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF120/121, IRFF120R/121R 
IRFF122/123, IRFF122R/123R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF120/121, IRFF120R/121R 


IRFFI22/123, IRFF122R/123R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 



TEST CONDITIONS 


BVdSS Vgs = OV, Id = 250mA 


Gate-Drain ("Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 

Internal Source Inductance 

Ls 

Junction-to-Case 

R0JC 

Junction-to-Ambient 

R0JA 


VdS = VgS. lD = 250pA 


IGSS Vgs = 20V 


IGSS Vgs =-20V 


loss VpS = Max Rating, Vgs = OV _ 

VdS = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vds > ID(ON) X rDS(ON) Max, Vgs = ^ OV 


'■DS(ON) Vgs = 10 V, Ip = 3.0A 


Vds > 'D(ON) X rDS(ON) Max »'d = 3-OA 


Vgs = OV, Vds = 25v, f = i .omhz 
See Figure 10 


Vdd O.SBVdsS. >D = 6.0A, Rg = 9.1 d 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 6.0A, Vds = O.S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2") from 
header to source 
bonding pad. 


Free air operation 




Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

's 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Orr 

Forward Turn-on Time 

tON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tj = +250C, Is = 6.0A, Vgs = OV 


Tj = +150OC, Ip = 6.0A, dip/dt = 10OA/fiS 


Tj = +150OC, Ip = 6.0A, dIp/dt = 1 GOA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 



NOTES: 1. Tj = +250C to +150^0 

2. Pulse Test: Pulse width < SOOjiS, 
Duty Cycle <J2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4. Vdd = 5V, starting Tj = +250C, 

L = 1.5mH, Rqs = 250, IreaK = 6 .0A. (See 
Figure 15.) 
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ZtHjCftt/fUjc. normalizco cffective transient 
I^RHAL IMFEOANCE (FCR UNIT) 
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BVqss. drain to source breakdown voltage 

C, CAPACITANCE (pF) (NORMALIZED) 


IRFF120, IRFF121. IRFF122. IRFF123 IRFF120R, IRFF121R, /RFF122R, IRFF123R 



Iq. drain CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



VsD. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



Tj, JUNCTION TEMPERATURE («>C) 

Fig. 8 — Breakdown Voltage Vs. Temperature 



Fig. 9 — Normalized On-Resistance Vs. Temperature 
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IRFF120, IRFF121, IRFF122, IRFF123 /RFF120R, /RFF121R, IRFF122R, IRFF123R 
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Figure 12 - Typical On-ResIstance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 


VARY tp TO OBTAIN 
REQUIRED PEAK II 
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Fig. 14a - Clamped Inductive Test Circuit 
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Fig. 14b - Clamped Inductive Waveforms 
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Fig. 15b “ Undamped Energy Waveforms 




SAMPUNG RESISTOR *“ SAMPUNG RESISTOR 


Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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® HARRIS IRFF130/131/132/133 

mFF130R/131R/132R/133R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 7.0A and 8.0A, 80V - 100V 

• ''DS(on) = 0.18n and 0.25n 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-205AF 
BOTTOM VIEW 



Description 

The IRFF130, IRFF131, IRFF132, and IRFF133 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF130R, IRFF131R, IRFF132R, and 1RFF133R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from Integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = 20 kn) (1 ).Vdgr 

Continuous Drain Current 

Tc = +250C. Id 

Pulsed Drain Current (3). Iqm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L = 1 OOmH) 

Single Pulse Avalanche Energy Rating (4).Eas* 

Operating and Storage Junction. Tj,Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFF130 

IRFF131 

IRFF132 

IRFF133 


IRFF130R 

IRFF131R 

IRFF132R 

IRFF133R 

UNITS 

100 

80 

100 

80 

V 

100 

80 

100 

80 

v 

8.0 

8.0 

7.0 

7.0 

A 

32 

32 

28 

28 

A 

±20 

±20 

±20 

±20 

V 

25 

25 

25 

25 

W 

0.2 

0.2 

0.2 

0.2 

W/OC 

32 

32 

28 

28 

A 

69 

69 

69 

69 

mj 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1 . Tj = +250C to +150OC. 4. Vqd = 25V, starting Tj = +250C, L = 1.62mH, Rqs = 250, 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. 'PEAK = 8.0A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 



















IRFF130, IRFFiat, /RFF132, /RFF133 IRFF130R, IRFF131R, IRFF132R, IRFF133R 
Electrical Characteristics Tq = +250C, Unless otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF130/132, IRFF130R/132R 


IRFF131 /133, IRFF131R/133R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 




Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF130/131, IRFF130R/131R 


IRFF132/133, IRFF132R/133R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF130/131, IRFF130R/131R 


IRFF132/133, IRFF132R/133R 


Forward Transconductance (Note 2} 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain C*Miller') Charge 


Internal Drain inductance 


Internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


IBMIi 


VdS == Vqs. Id ® 250|iA 


•GSS VGS-20V 


IGSS Vgs * -20V 


IdSS Vps = Max Rating, Vgs = QV _ 

Vqs = Max Rating x 0.8, Vgs * OV, 

Tc =-1-12500 


ID(ON) Vds > ID(ON) X rDS(ON) Max, Vgs = 10V 


rDS(ON) I Vgs = 10V, Id = 4.0A 


VdS > ID(ON) X rDS(ON) Max. Ip = ^.OA 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
S ee Figure 10 


Vdd - 0.5BVDSS. Id = 8.0A, Rg = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
td(OFF) I temperature) 


Vgs = 10V, Ip = 8.0A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2") from 
header to source 
bonding pad. 



LiMITS _ 

TYP I MAX UNITS 





R0JC 


"0JA I operation 


Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 



4.0 

V 

100 

nA 

-100 

nA 

250 

ma 

1000 

jiA 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 8.0A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj =* +150OC, Ip = 8.0A, dlp/dt = 10OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 8.0A, dlp/dt == 10OA/ps 

Forward Tum-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Ld- 



0.14 

0.18 

0.20 

0.25 



OC/W 


175 oc/W 




NOTES: 1. Tj * +250C to +1500C 

2. Pulse Test: Pulse width < 300|i8, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4. Vqo = 25V, starting Tj = +250C, 

L = 1.62mH, Rqs “ 250, Ipg^K = 8.0A. 
(See Figure 15.) 
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2ttuc(l>/KthJC- normalized EFFECTIVE TRANSIENT 
THERMAL IMPEDANCE (PER UNIT) 


IRFFiaO, IRFF131, IRFF132. IRFF133 IRFF130R, IRFF131R, IRFF132R. IRFF133R 
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Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical Output Characteristics 
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Fig. 2 — Typical Transfer Characteristics 




pi 

B 

B0BBI 

m 

■■ 


SBi 

SR 


BB 

m 

■■■ 



& 

BBB 

■■ 

■ 


■ 

■ 

■ 

wAomm 

B 


m 

1 

IP 

SB 

■ 

■ 


s 

i 

BB 

B 

■ 

W/a 


SI 


B 

B 

BB 

B 

p 

yjm 

■ 

8 

1 

1 

BB 

B 


s 

m 

■ 

■ 

■ 


■b 

■ 


Vos. ORAIN-TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical Saturation Characteristics 


■■miuiui 




iamtmn 


-~lli«IIIIL 

IliSIII 


■>' ■— 

■ aag MMWMMPR MM— , 

■MfisiBMiii mi l 

-i2Piiiiiar~ 


Fig. 4 — Maxinnum Safe Operating Area 
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-SINGLE PULSE (TRANSIENT f- 
- THERMAL IMPEDANCE) f 


. 2 PER UNIT BASE = R,hjc 5 0 DEG C'W 
■3 Tji^ - Tc = Pqm Z|hJCl*> 


It. SOUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 — Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 
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IRFF130. IRFF131. IRFF132, IRFF133 IRFF130R, IRFF131R. IRFF132R, IRFF133R 



0 to 20 30 40 SO 60 

\ q . drain current (AMPERES) 



Rgure 12 - Typical On-Resistance Vs. Drain Current Fig. 13 - Maximum Drain Current Vs. Case Temperature 




= EC 
I o.osa 

Ec“ 0.75BVDSS 


rx 


Rg. 14a - Clamped Inductive Test Circuit 



^C 



Fig. 14b - Clamped Inductive Waveforms 
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Fig. 15b - Undamped Energy Waveforms 




Rg. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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BVqSS drain to source breakdown voltage 

(NORMALIZED) 


IRFF130. IRFF131, IRFF132, IRFF133 IRFF130R, /RFF131R. IRFF132R, IRFF133R 
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Iq. drain CURRENT (AMPERES) 


Fig. 6 — Typical Transconductance Vs. Drain Current 



0 0 5 1 0 1.5 2 0 2 5 3.0 

VsQ. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 — Typical Source-Drain Diode Forward Voltage 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE ("C) 

Fig. 8 - Breakdown Voltage Vs. Temperature 



-60 -40 -20 0 20 40 60 80 100 120 140 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 9 — Normalized On-Resistance Vs. Temperature 



Vos. TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 — Typical Capacitance Vs. Drain-to-Source Voltage 



0 8 16 24 32 40 

Qg. TOTAL GATE CHARGE (nCI 

Fig. 11 - Typical Gate Charge Vs. Gate-to-Source Voltage 
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^ HARRIS IRFF210/211/212/213 

IRFF21 OR/211R/212R/213R 


N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 1.8A and 2.2A, 150V - 200V 

Package 

TO-205AF 

BOTTOM VIEW 

• ("DSCon) = 1-5^^ a*^cl 2ACL 

• Single Pulse Avalanche Energy Rated* 

SOURCE _.3^^^ 

• SOA is Power-Dissipation Limited 


• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 

V 7s. DRAIN 

y (CASE) 

• High Input Impedance 


Description 


The IRFF210, IRFF211, IRFF212, and IRFF213 are 
n-channel enhancement-mode silicon-gate power field-effect 

Terminal Diagram 

transistors. IRFF210R, IRFF211R, IRFF212R, and IRFF213R 
types are advanced power MOSFETs designed, tested, and 

N-CHANNEL ENHANCEMENT MODE 

guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 

D 

MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from Integrated circuits. 


The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 

6 

S 


Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRFF210 

IRFF211 

IRFF212 

IRFF213 




IRFF210R 

iRFF211R 

IRFF212R 

IRFF213R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

.Vdgr 

200 

150 

200 

150 

V 

Tc = +250C... 

.Id 

2.2 

2.2 

1.8 

1.8 

A 

Pulsed Drain Current (3)... 

.'dm 

9.0 

9.0 

7.5 

7.5 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

15 

15 

15 

15 

W 

Linear Derating Factor. 


0.12 

0.12 

0.12 

0.12 

W/OC 

Inductive Current, Clamped. 

.Ilm 

9.0 

9.0 

7.5 

7.5 

A 

(See Figure 14, L*100pH) 

Single Pulse Avalanche Energy Rating (4). 

.Eas* 

30 

30 

30 

30 

mJ 

Operating and Storage Junction. 

•••• Tj,TstG 

-55 to+150 

-55 to +150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

oc 


(0.063" (1.6mm) from case for 10s) 

NOTES: 

1 . Tj = +250C to +150OC. 4. Vdd “ 20V, starting Tj = +250C, L = 11.16mH. Rqs * 500. 

2. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 'PEAK “ 2.2A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, IRFF213R 

Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 
IRFF210/212, IRFF21 OR/212R 

BVdsS 

Vqs = OV, Id = 250mA 

IRFF211/213, IRFF211R/213R 



Gate Threshold Voltage 

VgS(TH) 

VdS = VgS. Id = 250mA 

Gate-Source Leakage Forward 

'gss 

VgS = 20 V 

IHI ll|i|ll|i|IHIIIIIIIIM 

'GSS 

Vgs = -20V 

Zero Gate Voltage Drain Current 

•dss 

Vds = Max Rating, Vgs = OV 



VdS == Max Rating x 0.8, Vqs = OV, 

Tc = +1250C 

On-State Drain Current (Note 2) 
IRFF210/211, IRFF21 OR/211R 

iD(ON) 

Vds > •d(ON) X rDS(ON) Max, Vqs = 10V 

IRFF212/213, IRFF212R/213R 



Static Drain-Source On-State 
Resistance (Note 2) 

IRFF210/211, IRFF21 OR/211R 

''DS(ON) 

Vgs = '>0V,Id = 1.25A 

IRFF212/213, IRFF212R/213R 



Forward Transconductance (Note 2) 

9fs 

Vds > ‘D(0N) X rDS(ON) Max. ‘d = “1 •25A 

Input Capacitance 

C|SS 

Vgs = OV, Vds = 25v, f = i .omhz 

Output Capacitance 

Goss 

See Figure 10 

Reverse Transfer Capacitance 

Crss 


Turn-On Delay Time 

IS1I3SI 

Vdd - o.sbvdss. 'd = 2 . 2 a, rg = ai n 

Rise Time 

V 

See Figure 16, (MOSFET switching times 

oro occAnficiliw 

Turn-Off Delay Time 

MSfWIM 

dll:# ooowiiiidny ifi\Jc#|Jt?fiu^fii \,/i u|Jt^fduny 

temperature) 

Fall Time 

tf 


Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = 10V, Id = 2 . 2 A, Vds = 0.8 Max 

Rating. See Figure 17 for test circuit. 


LIMITS 

"min I TYP I MAX UNITS 


Gate-Source Charge _ 

Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient 



operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2") from 
header to source 
bonding pad. 


R0JC 


Rqja Free air operation 




Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Modified MOSFET 
symbol showing the 
integral reverse 
P- N i u nc. rectifier. G 


Tj = +250C, Is = 2.2A, Vqs = OV 


Tj = +150OC, Ip = 2.2A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = 2.2A, dlp/dt = 10OA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4. Vdd = 20V, starting Tj = +250C. 

L = 11.16mH, Rqs ~ 500* ipEAK ~ 2.2A. 
(See Figure 15.) 
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IRFF210, IRFF211, IRFF212, IRFF213 1RFF210R, IRFF211R, IRFF212R, IRFF213R 



Fig. 1 - Typical output characteristics. 



0 1.0 2.0 3.0 4.0 5.0 

Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 3 - Typical saturation characteristics. 



0 2 4 6 8 10 

Vgs. gate to source voltage (VOLTS) 

Fig. 2- Typical transfer characteristics. 



Fig. 4 - Maximum safe operating area. 
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IRFF210. IRFF211. IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, IRFF213R 



0 t.O 2.0 3.0 4.0 5.0 

Iq. drain current (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 



0 1.0 2.0 3.0 4.0 5 0 

Vsd.SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



0 751—i_ i _I_I_I_I_I_I_ i _I 

-40 0 40 80 120 160 


Tj, JUNCTION TEMPERATURE (“O 

Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj.JUNCTION TEMPERATURE (“O 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vos. drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 10- Typical capacitance vs. drain-to-source voltage. 



0 2 4 6 8 10 


Qg TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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/RFF210, IRFF211, IRFF212, IRFF213 IRFF210R, IRFF211R, IRFF212R, /RFF213R 




Tc, CASE TEMPERATURE (“O 


Figure 12- Typical On-Resistance Vs. Drain Current 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 


VARY tp TO OBTAIN 
REQUIRED PEAK l|_ 


T 

Vqs= 10V 



Vds X 




T 0.05A 


fx 


E, = 0.5BVdss Ec> 0.75BVdsS 
Fig. 14a - Clamped Inductive Test Circuit 
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Fig. 14b - Clamped Inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 



Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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August 1991 


fRFF220/221/222/223 
fRFF220R/221R/222R/223R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 3.0A and 3.5A, 150V - 200V 

• •'DS(on) = 0-8^ and ^,2CL 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The IRFF220, IRFF221. IRFF222, and IRFF223 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF220R, IRFF221R, IRFF222R, and IRFF223R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




IRFF220 

IRFF221 

IRFF222 

IRFF223 




IRFF220R 

IRFF221R 

IRFF222R 

IRFF223R 

UNITS 

Drain-Source Voltage (1) . 

.VqS 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

.vdgr 

200 

150 

200 

150 

V 

Tc = +250C.. 

. Id 

3.5 

3.5 

3.0 

3.0 

A 

Pulsed Drain Current (3). 

.‘dm 

14 

14 

12 

12 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

±20 

±20 

V 

Tc = +250C . 

.Pd 

20 

20 

20 

20 

W 

Linear Derating Factor . 


0.16 

0.16 

0.16 

0.16 

W/OC 

Inductive Current, Clamped . 

. Ilm 

14 

14 

12 

12 

A 

(See Figure 14, L = 10OpH) 

Single Pulse Avalanche Energy Rating (4) . 

p * 

85 

85 

85 

85 

mJ 

Operating and Storage Junction . 

Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering . 

. Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = +250C to +150OC. 


4. Vdd = 

20V, starting Tj 

= 4-250C, L = 

12.5mH, Rqs = 

son, 


2. Pulse Tesi: Pulse width < 300ms, Duty Cycle 2%. “ 3-5A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFF220, IRFF22 h IRFF222, IRFF223 !RFF220R, IRFF221R, IRFF222R, IRFF223R 
Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF220/222, IRFF220R/222R 


IRFF221/223, IRFF221R/223R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF220/221, IRFF220R/221R 


IRFF222/223, IRFF222R/223R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF220/221, IRFF220R/221R 


IRFF222/223, IRFF222R/223R 


Forward Transconductance (Note 2) 


Input Capacitance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


imsm 




Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 


Internal Source Inductance 


Junctlon-to-Case 


Junction-to-Ambient 


VdS = VgS» b = 250 mA 


•GSS Vgs = 20V 


«GSS Vgs = “20V 


IdSS Vps = Max Rating, Vgs = OV _ 

Vps = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


•D(0N) Vds > Id(ON) X rDS(ON) Max, Vgs = 10V 


'’DS(ON) Vgs = 1 ov, ip = 2.0A 


Vps > ID(ON) X rps(ON) Max» b = 2.0A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
S ee Figure 10 


Vpp 0.5BVpss. Id = 3.5A, Rq = 9.1 n 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 10V, Ip = 3.5A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge Is essentially Independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 In.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 




R 0 JC 


R0JA Free air operation 



Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
Integral reverse 
P-N June, rectifier. G 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 3.5A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 3.5A, dlp/dt = 10OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 3.5A, dlp/dt = 10OA/jis 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 



NOTES: 1. Tj « +25^0 to +150OC 

2. Pulse Test: Pulse width ^SOO^s, 
Duty Cycle ^2% 


3. RepetKIve Rating: Pulse width limited by max. 4. Vqd = 20V, starting Tj = +25®C, 

junction temperature. See Transient Thermal L = 12.5mH, Rqs = 500, IpgAK = 3.5A. 

Impedance Curve (Figure 5). (See Figure 15.) 
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ZthJC(‘J/«thJC. normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) •>, Iq, DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 


IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R. IRFF223R 



0 20 40 60 80 100 

Vqs, drain to source voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 



Vqs. gate TO source VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 



0 2 4 6 8 10 

Vqs. drain to source voltage (VOLTS) 


ig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 




ti, SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF220. IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 




0 1 2 3 4 

Vso. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 1 - Typical source-drain diode forward voltage. 




-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vqs. drain to source VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF220, IRFF221, IRFF222, IRFF223 IRFF220R, IRFF221R, IRFF222R, IRFF223R 









VgS 







_ 







a ROS(on) MEASURED WITH CURRENT PULSE OF 

* 2,0 *is DURATION. INITIAL Tj = 250C. (HEATING 

EFFECT OF 2.0 #is PULSE IS MINIMAL.) 

- I ‘ ‘ ‘ ‘ I ‘ 

0 5 10 15 20 

Iq, DRAIN CURRENT (AMPERES) 

Figure 12 - Typical On-Resistance Vs. Drain Current 
































IRFF220, 221 










IRFF223, 223^"^ 













N 









K 










> 











25 50 75 lOO 125 150 

Tq, CASE temperature (OC) 

Fig. 13 - Maximum Drain Current Vs. Case Temperature 


VARY tp TO OBTAIN 
REQUIRED PEAK II 

"T| 

= 10V-e- 

)|f ^ 



Ei = O.SBVdss Ec= 0.75BVdsS 
Fig. 14a- Clamped Inductive Test Circuit 


VARY tp TO OBTAIN 
REQUIRED PEAK II pQg 


“^1-1 



Fig. 15a - Undamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms 



IL-^ 

—Vds 

\ ; 


“1 / 


_ 

1/_ 


Fig. 15b - Undamped Energy Waveforms 


PULSE WIDTH < 1;iS 
DUTY FACTOR <0.1% 



12V 10.2 XSO *• 
BATTERY 


|—O + Vds 

CURRENT A (ISOLATED 

REGULATOR T SUPPLY) 

/TI—IN SAME 
( ITYPE 

--AS DUT 


? DUT 


.-TIUi- 


IG CURRENT.^ Ip CURRENT 
SAMPUNG RESISTOR “* SAMPUNG RESISTOR 


Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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August 1991 


fRFF230/231/232/233 

IRFF230R/231R/232R/233R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 4.5A and 5.5A, 150V - 200V 

• *'DS{on) = O.Bfl 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The IRFF230, IRFF231, IRFF232, and IRFF233 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF230R, IRFF231R, IRFF232R, and IRFF233R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRFF230 

IRFF231 

IRFF232 

IRFF233 




IRFF230R 

IRFF231R 

IRFF232R 

IRFF233R 

UNITS 

Drain-Source Voltage (1). 

. Vds 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs == SOkfl) (1). 

Continuous Drain Current 

. vdgr 

200 

150 

200 

150 

V 

Tc == +250C. 

. Id 

5.5 

5.5 

4.5 

4.5 

A 

Pulsed Drain Current (3). 

. •dm 

22 

22 

18 

18 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

25 

25 

25 

25 

W 

Linear Derating Factor. 


0.2 

0.2 

0.2 

0.2 

W/OC 

Inductive Current, Clamped. 

. Ilm 

22 

22 

18 

18 

A 

(See Figure 14, L = 10OjiH) 

Single Pulse Avalanche Energy Rating (4). 


85 

85 

85 

85 

mJ 

Operating and Storage Junction .. 

•••• Tj.TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1.6mm) from case for 10s) 







NOTES: 







1. Tj = +250C to +150OC. 


4. Vdd = 

20V, starting Tj 

= + 25 OC, L = 

8.9mH, Rqs ~ 50fl, 



2. Pulse Test: Pulse width < 300 ms, Duty Cycle < 2%. " 5.5A. See Figure 1 5. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1892.1 
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IRFF230, IRFF231, IRFF232, /RFF233 IRFF230R, IRFF231R/IRFF232R, IRFF233R 
Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF230/232, IRFF230R/232R 


IRFF231 /233, IRFF231R/233R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF230/231, IRFF230R/231R 


IRFF232/233, IRFF232R/233R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF230/231, IRFF230R/231R 


IRFF232/233, IRFF232R/233R 


Forward Transconductance (Note 2) 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 



TEST CONDITIONS 


UMITS 

MIN I TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


VdS = VgS. lD = 250pA 


Vgs = 20V 


Vgs = -20V 


VdS = Max Rating, Vgs = OV 


Vds = Max Rating x 0.8, Vgs = OV, 
Tc = +1250C 


Vds > •D(ON) X rDS(ON) Max, Vgs = 10V 



''DS(ON) Vgs = ^ OV, Ip = 3.0A 


0.4 

n 

0.6 

n 





Gate-Drain (“Miller") Charge 

Qgd 

Internal Drain Inductance 

Ld 

internal Source Inductance 

LS 

J unctlon-to-Case 

R0JC 

Junction-to-Ambient 

R0JA 


Vds > •d(ON) X rDS(ON) Max. ‘D = 3.0A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
S ee Figure 10 


VpD - O.SBVdsS. Id = 5.5A, Rq = 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Id = 5.5A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 In.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 




175 oc/W 



Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 


Modified MOSFET 
symbol showing the 
Integral reverse 
P-N junc. rectifier. G 



Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 5.5A, Vgs = OV 

Reverse Recovery Time 

Vr 

Tj = +150OC, Ip = 5.5A, dlp/dt = 10OA/jis 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 5.5A, dip/dt = 10OA/ps 

Forward Turn-on Time 

tON 

Intrinsic turn-on time Is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|is, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 4. Vdd = 20V, starting Tj »= +25®C, 

junction temperature. See Transient Thermal L = 8.9mH, Rqs = 500, IreaK “ 5.5A. (See 

Impedance Curve (Figure 5). Figure 15.) 
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IRFF230, /RFF231, IRFF232. IRFF233 IRFF230R, IRFF231R, IRFF232R, /RFF233R 



Vqs. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 




Vqs. DRAIN TO SOURCE voltage (VOLTS) 

Fig. 3 - Typical saturation characteristics. 


232. 3/232R, 3R 

i I urT^j 

230, 1/230R, Iff 
232, 3/232R, 3R 


zzi; Tc = 250C -:zrs^zi:t!;zz^lOms 

5 HZ Tj = i5o°cK/iAx. zz:_s~:|:::^ zp~j~ z:z:: 

~Z' Rt(iJC = 5-0 K/W Z“ZIl5i’Z Jiodms ' ' ' 
SINGLE PULSE ] T \ I I Z230.i 

zi 'TTTif.-t-rttttr- 

1.1 II I I I I nil ' 231 . 3 / 231 R. 3 R| T 2 R 

1.0 2 5 10 20 50 100 200 500 

Vqs, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 4 - Maximum safe operating area. 


-SINGLE PULSE (TRANSIENT j- 
- THERMAL IMPEDANCE) f 


10*3 2 5 10-2 2 5 ^q*^ 

ti. SQUARE WAVE PULSE DURATION (SECONDS) 


ISTLTL 

- 1. DUTY FACTOR, 0»-|l . 

_ 2. PER UNIT BASE - R,hjc » 5.0 DEG. C/W. 
~3-TjM- Tc»PoMZthJC«> 

! 5 ,0 2 5 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF230, mFF231, IRFF232, IRFF233 IRFF230R, IRFF231R, /RFF232R, IRFF233R 



iQ. DRAIN CURRENT (AMPERES! 


Fig. 6 - Typical transconductance vs. drain current. 



VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 



Tj. JUNCTION TEMPERATURE (“Cl 


Fig. 8 - Breakdown voltage vs. temperature. 



Tj, JUNCTION TEMPERATURE (“O 

Fig. 9 - Normalized on-resistance vs. temperature. 


4 



Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



0 8 16 24 32 40 

Qg. TOTAL GATE CHARGE (nC) 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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/RFF230, IRFF231, IRFF232, IRFF233 



Figure 12 - Typical On-Resistance Vs. Drain Current 


/RFF230R, /RFF231R, /RFF232R, IRFF233R 



Tc, CASE TEMPERATURE (OC) 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 



Fig. 14a- Clamped Inductive Test Circuit 


Ec 





—Vps 


'L 

1 






t 

El 


Fig. 14b - Clamped Inductive Waveforms 


Vds 



BVdSS 





—Vps 

'L 

—^ 

\ 



1 / 

\ 



k. _ 




Fig. 15b- Undamped Energy Waveforms 




SAMPUNG RESISTOR ~ SAMPUNG RESISTOR 


Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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® HARF^IS IRFF310/311/312/313 

IRFF31 OR/311R/312R/313R 


N-Channel Power MOSFETs 
August 1991 Avalaticho Energy Rated* 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1888.1 
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IRFF310, IRFFSIh IRFF312. IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 

Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRFF310/312, IRFF31 OR/312R 

BVpsS 

IRFF311 /313, IRFF311R/313R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

«GSS 

Zero Gate Voltage Drain Current 

•dss 

On-State Drain Current (Note 2) 
IRFF310/311, IRFF31 OR/311R 

ID(ON) 

IRFF312/313, IRFF312R/313R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF310/311, IRFF31 OR/311R 

«’DS(0N) 

IRFF312/313, IRFF312R/313R 


Forward Transconductance (Note 2) 

9fs 

Input Capacitance 

C|SS 

Output Capacitance 

Coss 

Reverse Transfer Capacitance 

CrSS 

Turn-On Delay Time 

B95EH 

Rise Time 

tr 

Turn-Off Delay Time 

fd(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qqs 

Gate-Drain ("Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 

Internal Source Inductance 

LS 

Junctlon-to-Case 

R0JC 

Junction-to-Ambient 

RejA 


TEST CONDITIONS 

VgS = OV, Id = 250mA 


VpS = VGS» >D = 250pA _ 

VGS = 20V _ 

VGS = -20V _ 

VpS = Max Rating, Vgs = OV _ 

Vds = Max Rating x 0.8, Vqs “ OV, 

Tc =+12500 _ 

Vds > »D<ON) X rDS(ON) Max, Vqs = 10V 


Vgs = 10V, id = o.8a 


LIMITS _ 

MIN I TYP I MAX UNITS 




Vds > »D(ON) X rDS(ON) Max* 'D = 0.8A 


■sum 


Vgs = OV, Vds = 25v, f = i .omhz 

See Figure 10 

- 

11031 

- 

35 

- 

8.0 

Vdd 0.5BVDSS. Id = 1 -SSA, Rq = 9.1 fl 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 

- 

3.0 

- 

10 

- 

5.0 

- 

8.0 


Vgs = 1 OV, Ip * 1 .35A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 



Measured from 
the drain lead, 
5.0mm (0.2 In.) 
from header 
to center of 
die. 

Measured from the 
source lead, 5.0mm 
(0.2") from 
header to source 
bonding pad. 





Free air operation 


175 I OQ/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^^ 

symbol showing the 

SI 

■ 

- 

1.35 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse f —- 

P-N iunc. rectifier. G ( | h-| '3 


- 

- 

5.5 

■1 



i 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 1.35A, Vqs = OV 


- 

- 

1.6 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 1.35A, dlp/dt = 10OA/ps 

- 

380 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip * 1.35A, dlp/dt = 10OA/ps 

- 

2.7 

- 

mC 

Forward Turn-on Time 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

- 

— 

- 



NOTES: 1. Tj = +250C to +150OC 3. Repetitive Rating: Pulse width limited by max. 4. Vqd = 40V, starting Tj « +250C, 

2. Pulse Test: Pulse width < 300|iS. temperature. See Transient Thermal L - 44.89mH. Rqs - 50n. IpgAK « 1 -SSA. 

n.rtv Pvcifi Impedance Curve (Figure 5). (See Figure 16.) 
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IRFF310, IRFF311, 1RFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, 1RFF313R 



Vos, drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 




Vqs. drain to source voltage (VOLTS) 

Fig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 
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IRFF310, IRFF31 h IRFF312, IRFF313 IRFF310R, IRFF311R, mFF312R, iRFF313R 




qI-1-^- \ -1-1-^-1-1-1-1 

0 1.0 2.0 3.0 4.0 5.0 


Iq. drain current (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 



0 1 0 2.0 3.0 4.0 5 0 

VsD, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vqs, drain to source voltage (VOLTS) 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF310, IRFF311, IRFF312, IRFF313 IRFF310R, IRFF311R, IRFF312R, IRFF313R 



0 2 4 6 8 10 

Iq, drain current (AMPERES) 


Figure 12 - Typical On-Resistance Vs. Drain Current 



Tc. CASE TEMPERATURE (OC) 

Fig. 13 - Maximum Drain Current Vs. Case Temperature 



Fig. 14a - Clamped Inductive Test Circuit 


Fig. 15a - Undamped Energy Test Circuit 


Ec 



''DSS 


'L 

h-j-Hf 

/) 

—^ \ 


1 / 

1/ 


-Vds 


■ Vdd 


Fig. 15b - Undamped Energy Waveforms 




Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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^ HARRIS IRFF320/3Z1/322/323 

IRFF320R/321R/322R/323R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 2.0A and 2.5A, 350V - 400V 

• ''DS(on) = l-Sn and 2.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-205AF 
BOTTOM VIEW 



Description 

The IRFF320, IRFF321, IRFF322, and IRFF323 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF320R, IRFF321R, IRFF322R, and IRFF323R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs == 20kn) (1 ).Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Pulsed Drain Current (3). Iqm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +25OC. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L = 10OpH) 

Single Pulse Avalanche Energy Rating (4).E^s* 

Operating and Storage Junction. Tj.Tsjq 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


1RFF320 

IRFF321 

IRFF322 

IRFF323 


IRFF320R 

IRFF321R 

IRFF322R 

IRFF323R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

2.5 

2.5 

2.0 

2.0 

A 

10 

10 

8.0 

8.0 

A 

±20 

±20 

±20 

±20 

V 

20 

20 

20 

20 

W 

0.16 

0.16 

0.16 

0.16 

W/OC 

10 

10 

8.0 

8.0 

A 

100 

100 

100 

100 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25 OC to +150^0. 4. V 0 O = 40V, starting Tj = +250C, L = 29.09mH, Rqs = 50n. 

2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2%. 'PEAK = 2.5A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Nuniber 1 890.1 

Copyright © Harris Corporation 1991 
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IRFF320, IRFF321, IRFF322, IRFF323 /RFF320R, IRFF321R, IRFF322R, IRFF323R 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF320/322, IRFF320R/322R 


IRFF321/323, IRFF321R/323R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


iIc^uSEB!tTffifTST3 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF320/321, IRFF320R/321R 


IRFF322/323, IRFF322R/323R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF320/321, IRFF320R/321R 


IRFF322/323, IRFF322R/323R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 




Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient 



TEST CONDITIONS 


_ LIMITS _ 

MIN I TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


VGSrrH) VdS = VGS Id = 250mA 


•GSS Vqs = 20V 


•GSS Vgs = -20V 


loss Vps = Max Rating, Vqs = OV _ 

Vps == Max Rating x 0.8, Vgs - OV, 

Tc = +1250C 


>D(ON) Vps > •d(ON) X rDS(ON) Max, Vqs = 1 0V 


•’DS(ON) Vgs = 10V, Ip = 1 .25A 


VpS > ID(ON) X rps(ON) Max> *D = 1 •25A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
See Figure 10 


Vpp O.SBVpss. Id = 2.5A, Rq = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 2.5A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 In.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2") from 
header to source 
bonding pad. 




R0JC 


R0JA Free air operation 



Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

frr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tj = +250C, Is = 2.5A, Vqs = OV 


Tj = +150OC, Ip = 2.5A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = 2.5A, dip/dt = 10OA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 



NOTES: 1. Tj = +25^0 to +150^0 

2. Pulse Test: Pulse width < 300ms, 
Duty Cycle < 2% 


3, Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4 . Vdd = 40V, starting Tj = +25^C. 

L = 29.09mH, RqS ~ 500, IpEAK ~ 2.5A. 
(See Figure 15.) 
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IRFF320, IRFF321. IRFF322, IRFF323 IRFF320R, IRFF321R. IRFF322R, IRFF323R 



0 4 8 12 16 20 

Vqs, ORAIN TO SOURCE voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 
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0 I 2 3 4 $ 6 

Vgs, GATE TO SOURCE voltage (VOLTS) 


Fig. 2 - Typical transfer characteristics. 
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Vqs, ORAIN TO SOURCE voltage (VOLTS) 


Fig. 3 - Typical saturation characteristics. 
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Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

Fig. 4 - Maximum safe operating area. 



10-5 2 5 10*^ 2 5 i0"3 2 5 io*2 2 5 lO"' 

SQUARE^AVE pulse DURATION (SECONOS) 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF320, IRFF321, IRFF322, IRFF323 IRFF320R, IRFF321R, IRFF322R. IRFF323R 




0 12 3 4 

Vso. SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj. JUNCTION TEMPERATURE (“O 

Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



0 10 20 30 40 50 

Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



0 4 8 12 16 20 

Qg. total GATE CHARGE (nC) 


Fig. 11 - Typical gate charge ws. gate-to-source voltage. 
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IRFF320. IRFF321, IRFF322. IRFF323 IRFF320R, IRFF321R, IRFF322R. IRFF323R 



0 2 4 6 8 10 12 



Iq. drain current (AMPERES) 


Tc, CASE TEMPERATURE (OC) 


Figure 12- Typical On-Resistance Vs. Drain Current 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 15b- Undamped Energy Waveforms 



Fig. 16- Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 












^ HARRIS IRFF330/331/332/333 

IRFF330R/331R/332R/333R 

N-Channel Power MOSFETs 
August 1991 Avaianche Energy Rated* 


Features 

• 3.0A and 3.5A, 350V - 400V 

• •'DS(on) = 1-0^ and 1.50 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-205AF 
BOTTOM VIEW 



Description 

The IRFF330, IRFF331, IRFF332, and iRFF333 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF330R, IRFF331R, IRFF332R, and IRFF333R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Term in ai Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = 20kfl) (1). Vdgr 

Continuous Drain Current 

Tc = +250C. Id 

Pulsed Drain Current (3). Iqm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. IlM 

(See Figure 14, L = 100pH) 

Single Pulse Avalanche Energy Rating (4).Egs* 

Operating and Storage Junction.Tj, TsjG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFF330 

IRFF331 

IRFF332 

IRFF333 


IRFF330R 

IRFF331R 

IRFF332R 

IRFF333R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

3.5 

3.5 

3.0 

3.0 

A 

14 

14 

12 

12 

A 

±20 

±20 

±20 

±20 

V 

25 

25 

25 

25 

W 

0.2 

0.2 

0.2 

0.2 

W/OC 

14 

14 

12 

12 

A 

300 

300 

300 

300 

mj 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25 OC to +150OC. 4. Vdd = 50V, starting Tj = 4-250C. L = 42.85mH, Rqs = 250, 

2. Pulse Test: Pulse width j< SOOms, Duty Cycle < 2%. *PEAK " 2.5A. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ Number 1 893 1 

Copyright © Harris Corporation 1991 
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IRFF330. !RFF33 h IRFF332, iRFF333 IRFF330R, IRFF331R, IRFF332R, IRFF333R 


Electrical Characteristics Tq = + 250 c, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF330/332, IRFF330R/332R 


IRFF331/333, IRFF331R/333R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF330/331, IRFF330R/331R 


IRFF332/333, IRFF332R/333R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF330/331, IRFF330R/331R 


IRFF332/333, IRFF332R/333R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

MIN I TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


i^nsii 


VdS ® VqS. b = 250pA _ 


>GSS Vqs== 20 V 


IGSS Vqs = -20V 


loss Vps = Max Rating, Vqs ~ OV _ 

Vqs * Max Rating x 0.8, Vqs * OV, 

Tc = +1250C 


•D(0N) Vqs > Id(ON) X rDS(ON) Max, Vqs = 10V 


'■DS(ON) Vgs*10V,Id = 2.0A 




VgS * OV, Vqs * 25V, f = 1 .OMHz 
See Figure 10 


Vqd 175V, Iq = 3.5A, Rg == 9.10 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs =* 10V, Iq * 3.5A, Vqs = 0.8 Max 
Rating. See Figure 17 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
( 0 . 2 ") from 
header to source 
bonding pad. 



100 


-100 

1 nA 

250 

KQ 

1000 

ma 





Rejc 


R 0 JA I Free air operation 



IggQI 


175 oc/W 


Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Puise Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 




Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, is = 3.5A, Vgs = OV 

Reverse Recovery Time 

frr 

Tj = +150OC, Ip *= 3.5A, dlp/dt = 1 0OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 3.5A, dlp/dt = 1 0OA/ps 

Forward Tum-on Time 

tON 

Intrinsic turn-on time Is negligible. Turn-on 
speed is substantially controlled by L 3 + Lq. 


NOTES: 1. Tj « +250C to +150OC 

2. Puise Test: Pulse width < 300|jis, 
Duty Cycle < 2% 


3. Repetitive Rating: Puise width limited by max. 
junction temperature. See Transient Thermal 
impedance Curve (Figure 5). 


4. Vdd = 50V, starting Tj = +250C, 

L « 42.85mH, Rqs = 250, IpgAK = 3.5A. 
(See Figure 15.) 
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IRFF330, mFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R. IRFF333R 



Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 

F/g. t - Typical output characteristics. 



0 2 4 6 8 10 

Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical saturation characteristics. 



0 1 2 3 4 5 6 7 

Vgs, gate to SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 



Fig. 4 - Maximum safe operating area. 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, IRFF332R, mFF333R 




Vso. SOURCE TO DRAIN VOLTAGE 'VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj JUNCTION temperature (OC) 

Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION temperature (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



0 10 20 30 40 50 

Vos. drain TO SOURCE VOLTAGE IVOLTS) 


Fig. 10- Typical capacitance vs. drain-to-source voltage. 



0 8 16 24 32 40 

Qg, TOTAL GATE CHARGE (mCI 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF330, IRFF331, IRFF332, IRFF333 IRFF330R, IRFF331R, /RFF332R, IRFF333R 



0 5 JO 15 20 25 30 


Iq, drain current (AMPERES) 

Figure 12- Typical On-Resistance Vs. Drain Current 



VARY tp TO OBTAIN 
REQUIRED PEAK II 


rr^ 





rx 


wv—' 

Ei= O.SBVdss Ec= 0.75BVdss 

Fig. 14a- Clamped Inductive Test Circuit 


Vds 




Ec 



E^dsS 





—Vqs 

•l 
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Fig. 15b- Undamped Energy Waveforms 



Fig. 16- Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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^ H>adRRIS IRFF420/421/422/423 

IRFF420R/421R/422R/423R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 1.4A and 1.6A, 450V - 500V 

• •'DS(on) = 3.0ri and 4.on 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-205AF 
BOTTOM VIEW 



Description 

The IRFF420, IRFF421, IRFF422, and IRFF423 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF420R, IRFF421R, IRFF422R, and IRFF423R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy In the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1).V^s 

Drain-Gate Voltage (Rqs = 20kn) (1 ).Vdgr 

Continuous Drain Current 

Tc = +25 OC. Id 

Pulsed Drain Current (3). Iqm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L = 1 00 |jH) 

Single Pulse Avalanche Energy Rating (4).Egg* 

Operating and Storage Junction.Tj, Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


IRFF420 

IRFF421 

IRFF422 

IRFF423 


IRFF420R 

IRFF421R 

IRFF422R 

IRFF423R 

UNITS 

500 

450 

500 

450 

V 

500 

450 

500 

450 

V 

1.6 

1.6 

1.4 

1.4 

A 

6.5 

6.5 

5.5 

5.5 

A 

±20 

±20 

±20 

±20 

V 

20 

20 

20 

20 

W 

0.16 

0.16 

0.16 

0.16 

w/oc 

6.5 

6.5 

5.5 

5.5 

A 

210 

210 

210 

210 

mj 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES; 

1. Tj = +25OC to +150OC. 4. Vqd = 50V, starting Tj = +250C, L = l43.5mH, Rqs = 250, 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. ^PEAK = ^ -5^. See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 1 891 1 

Copyright © Harris Corporation 1991 
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IRFF420, IRFF421, IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


TEST CONDITIONS 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRFF420/422, IRFF420R/422R 

BVdSS 

IRFF421/423, IRFF421R/423R 


Gate Threshold Voltage 

VgS(TH) 

Gate-Source Leakage Forward 

>GSS 

Gate-Source Leakage Reverse 

•gss 

Zero Gate Voltage Drain Current 

•dss 

On-State Drain Current (Note 2) 
IRFF420/421, IRFF420R/421R 

Id(ON) 

IRFF422/423, IRFF422R/423R 



Static Dram-Source On-State 
Resistance (Note 2) 

IRFF420/421, IRFF420R/421R 
IRFF422/423. IRFF422R/423R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


VdS = VqS* b = 250 |jA 


Vgs = 20V 


Vgs==-20V 


Vds = Max Rating, Vqs = OV 


V0S = Max Rating x 0.8, Vqs = OV, 
Tc = +1250C 


Vds > ID(ON) x rDS(ON) Max, Vqs = 10V 


Vgs = 10V,Id = 1.0A 




Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 

Internal Source Inductance 

LS 

Junction-to-Case 

R0JC 

Junction-to-Ambient 

R0JA 


Vqd ^ O.SBVdsS. Id = 1.6A, Rg = 9.1 H 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 1.6A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 In.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 



Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

frr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


NOTES: 1. Tj = +25^0 to +150OC 

2. Pulse Test: Pulse width < SOOps, 
Duty Cycle < 2% 


Modified MOSFET 
symbol showing the 
integral reverse 
P-Njunc. rectifier. G 


Tj = +250C, Is = 1.6 A, Vgs = OV 


Tj = +150OC, Ip = 1.6A, dlp/dt = 10OA/fiS 


Tj = +150OC, Ip = 1.6A, dlp/dt = 1 OOA/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 



3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5). 


4. VpD - 50V, starting Tj = +250C, 

L = 143.5mH, Rqs = 250, Ipg^K = l eA. 
(See Figure 15.) 
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IRFF420, IRFF42 h IRFF422, IRFF423 IRFF420R, IRFF421R, IRFF422R, IRFF423R 



Fig. 1 - Typical output characteristics. 



0 2 4 6 8 10 


Vqs, gate to source voltage (VOLTS) 

Fig. 2 - Typical transfer characteristics. 




0 4 8 12 16 20 


Vqs. DRAIN TO SOURCE voltage (VOLTS) 

Fig. 3 - Typical saturation characteristics. 
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Fig. 4 - Maximum safe operating area. 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFF420, IRFF421, IRFF422, IRFF423 /RFF420R, IRFF421R, IRFF422R, IRFF423R 



lO, DRAIN CURRENT (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 



0 12 3 4 

Vso, SOURCE TO DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



0 10 20 30 40 SO 

Vos. ORAIN TO SOURCE VOLTAGE (VOLTS) 


Fig. 10- Typical capacitance vs. drain-to-source voltage. 



Qg, TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFF420, IRFF421. IRFF422, IRFF423 IRFF420R. IRFF421R, IRFF422R. IRFF423R 




Id, DRAIN CURRENT (AMPERES) 


Tq, CASE TEMPERATURE (OC) 


Figure 12 - Typical On-Resistance Vs. Drain Current 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 



Fig. 14a- Clamped Inductive Test Circuit 


Fig. 15a - Undamped Energy Test Circuit 


Fig. 14b - Clamped Inductive Waveforms 



^^DSS 




Vdd 


Fig. 15b - Undamped Energy Waveforms 




Fig. 16- Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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^ h-LARRIS IRFF430/431/432/433 

IRFF430R/431ft/432R/433R 

N-Channel Power MOSFETs 
August 1991 Avalatiche Energy Rated* 


Features 

• 2.25A and 2.75A, 450V - 500V 

• ''DS(on) = l-Sn and 2,on 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-205AF 
BOTTOM VIEW 



Description 

The IRFF430, IRFF431, IRFF432, and IRFF433 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFF430R, IRFF431R, IRFF432R, and IRFF433R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs = 20kn) (1 ).Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Pulsed Drain Current (3). Iqm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +25OC. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. Ilm 

(See Figure 14, L = 100|iH) 

Single Pulse Avalanche Energy Rating (4). Eqs* 

Operating and Storage Junction. Tj,TstG 

Temperature Range 

Maximum Lead Temperature for Soldering.T[_ 

(0.063" (1.6mm) from case for 10s) 


IRFF430 

IRFF431 

IRFF432 

IRFF433 


IRFF430R 

IRFF431R 

IRFF432R 

IRFF433R 

UNITS 

500 

450 

500 

450 

V 

500 

450 

500 

450 

V 

2.75 

2.75 

2.25 

2.25 

A 

11 

11 

9.0 

9.0 

A 

±20 

±20 

±20 

±20 

V 

25 

25 

25 

25 

W 

0.2 

0.2 

0.2 

0.2 

W/OC 

11 

11 

9.0 

9.0 

A 

300 

300 

300 

300 

mJ 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25 OC to +150OC. 4. Vqd = 50V, starting Tj = +250C, L = 69.42, Rqs = 500, 

2. Pulse Test: Pulse width < SOOjjs, Duty Cycle < 2%. 'PEAK = See Figure 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

* R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1894.1 
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IRFF430, mFF43 h IRFF432, IRFF433 IRFF430R, IRFF431R, IRFF432R, IRFF433R 
Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF430/432, IRFF430R/432R 


IRFF431/433, IRFF431R/433R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF430/431, IRFF430R/431R 


IRFF432/433, IRFF432R/433R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFF430/431, IRFF430R/431R 


IRFF432/433, IRFF432R/433R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junctlon-to-Case 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


i^asii 


VdS = Vqs. iD = 250 mA 


‘GSS Vqs = 20V 


IGSS Vgs = “20V 


loss Vps = Max Rating, Vgs = OV _ 

Vq 3 = Max Rating x 0.8, Vgs = OV, 

Tc = + 1 250c 


•D(0N) Vds > ID(ON) X rDS(ON) Max, Vgs = 1 0V 


'■DS(ON) Vgs = 10V,Id = 1.5A 


Vds > •D(ON) X rDS(ON) Max >'d = ^ -SA 


Vgs = ov, Vds = 25v, t = 1 .omhz 
See Figure 10 


Vdd - 225V. Id = 2.75A, Rq = 9.1 a 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1OV, Ip = 2.75A, Vds =*= 0.& Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
5.0mm (0.2 in.) 
from header 
to center of 
die. 


Measured from the 
source lead, 5.0mm 
(0.2”) from 
header to source 
bonding pad. 


4.0 

V 

100 

nA 

-100 

nA 

250 

jiA 

1000 

jiA 





R0JC 


R0JA Free air operation 



5.0 I OC/W 


175 oc/W 


Source Drain Diode Ratings and Characteristics 


Is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 




Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 2.75A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 2.75A, dlp/dt = 10OA/fis 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 2.75A, dlp/dt = 100A/)is 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj - +250C to +150OC 

2. Pulse Test: Pulse width < 300|is, 
Duly Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 4. V^q = 50V, starting Tj = +250C, 

junction temperature. See Transient Thermal L = 69.42mH, Rqs “ 500, IpEAK “ 2.75A. 

Impedance Curve (Figure 5). (See Figure 15.) 
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IRFF430, /RFF431, IRFF432, IRFF433 IRFF430R, IRFF431R, /RFF432R, IRFF433R 



iQ, drain current (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 



V^q.SOURCE TO drain voltage (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 


tj, JUNCTION TEMPERATURE (<>0 

Fig. 8 - Breakdown voltage vs. temperature. 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vos. DRAIN TO SOURCE voltage (VOLTS) 

Fig. 10’ Typical capacitance vs. drain-to-source voltage. 



0 8 16 24 32 40 

Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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/RFF430, IRFF431, IRFF432, IRFF433 /RFF430R, IRFF431R, /RFF432R, /RFF433R 



0 S 10 15 20 25 

Iq, DRAIN CURRENT (AMPERES) 

Figure 12 - Typical On-Resistance Vs. Drain Current 



Tc, CASE TEMPERATURE (OC) 

Fig. 13 - Maximum Drain Current Vs. Case Temperature 


^DS 






bVdss 





—Vqs 

«L 

—y 

\ 

* 


L" 




Fig. 14b - Clamped Inductive Waveforms 


Fig. 15b - Undamped Energy Waveforms 




Fig. 16 - Switching Time Test Circuit 


Fig. 17 - Gate Charge Test Circuit 
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^ HARRIS IRFP140R, IRFP141R 

IRFP142R, IRFP143R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated 


Features 

• 27A and 31 A, 80V - 100V 

• r0S(on) = 0.077n and 0.099n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 



Description 

The IRFP140R, IRFP141R, IRFP142R, and IRFP143R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




1RFP140R 

IRFP141R 

IRFP142R 

IRFP143R 

UNITS 

Drain-Source Voltage (1).. 

.Vds 

100 

80 

100 

80 

V 

Drain-Gate Voltage (Rqs = 20 ka) (1 ). 

Continuous Drain Current 

• • • •vdgr 

100 

80 

100 

80 

V 

Tc = +250C... 

. Id 

31 

31 

27 

27 

A 

Tc = +100OC... 

. Id 

22 

22 

19 

19 

A 

Pulsed Drain Current (3). 

.Idm 

120 

120 

110 

110 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

180 

180 

180 

180 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (4). 


100 

100 

100 

100 

mJ 

Operating and Storage Junction... 

• Tj,TstG 

-55 to+175 

-55 to+175 

-55 to+175 

-55 to+175 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1. 6 mm) from case for 1 0s) 







NOTES: 







1. Tj = + 25 OC to +150OC. 


4. Vqq = 

25V, starting Tj 

= + 25 OC, L = 

16 O 11 H, Rqs = son, 


2. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 


IPEAK 

= 31 A. See Figures 14 and 15. 




3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg dumber 2086 1 

Copyright © Harris Corporation 1991 ' 
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Specifications IRFP140R, IRFP141R, IRFP142R. IRFP143R 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP140R,IRFP142R 


IRFP141R,IRFP143R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP140R,IRFP141R 


IRFP142R,IRFP143R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP140R,IRFP141R 


IRFP142R,IRFP143R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


SYMBOL 


bvdss 



TEST CONDITIONS 


Vgs = OV, Id = 250mA 


vds = Vgs. b = 250 ma 


Vgs = 20 V 


VgS = “20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


Vds > •D(0N) X rDS(ON) Max, Vqs = 10V 


UMITS _ 

TYP I MAX UNITS 






Vgs=10V,Id = 19A 


Vds > 50V, Id = i9A 


Vgs = OV, Vds = 25v, f = 1 .omhz 
■ See Figure 10 


Vdd = 50V, Id » 28A, Rq = 9.1 a, RD = 1.8n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 34A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 
of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 


0.055 

0.077 

0.077 

0.099 




0.83 

1 OC/W 1 

- 


30 

OC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

Vr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Tj = +250C, Is = 31A,Vgs = 0V 


Tj = +250C, Ip = 28A, dlp/dt = 10OA/fis 


Tj = +250C, Ip = 28A, dlp/dt = 10OA/ps 


Intrinsic turn-on time Is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



NOTES: 1. Tj = +250C to +1500C 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
Junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd » 25V, Start Tj = +250C, L » 160pH, 

RqS = 50^* 'peak = S'! A. 

(See Figures 14 & 15) 
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DRAIN CURRENT (AMPERES) 


IRFP140R, IRFP141R, IRFP142R, IRFP143R 



FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 


50 


40 


30 


20 


° 10 


FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 




Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 
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BVgss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 
CAPACITANCE (pF) 3 (NORMALIZED) 


[RFP140R, IRFP141R, IRFP142R, !RFP143R 



Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


1= 

rrr- 














_ 



nzq 






~ T^ 

,= l7f 

^Oc- 


— 


= 

=; 



ZI7 






■i 

u 


11 

II 




Vgp. SOURCE-TO-DRAIN voltage (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



-60 -40 -E0 0 00 40 60 30 100 120 140 160 180 

Tj. JUNCTION TEMPERATURE ( °C) 

SURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



-dO-40 -20 0 20 40 60 80 100 120 140 160 180 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


= OV. f = IMHZ 

-C,ss = Cgs ^ Cgg. Cg3 SHORTED 

_Crss = Cgd 

^'oss " ^ds ^ ^gs Sd ^ ^ Sd* 

Cgs + Cgg 



Vpg, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 


N-CHANHEL 
POWER MOSFETs 












IRFP140R, IRFP141R, /RFP142R. IRFP143R 



FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 

TEMPERATURE 



FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 





® HAFRRIS IRFP150/151/152/153 

IRFP150R/151R/152R/153R 

N-Channel Power MOSFETs 
August 1991 Avalanche Energy Rated* 


Features 

• 34A and 40A, 60V - 100V 

• rDS(on) = O.OSSn and O.OSn 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 


> SOURCE 



Description 

The IRFP150, IRFP151, IRFP152, and IRFP153 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFP150R, IRFP151R, IRFP152R, and IRFP153R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = 20 kfi) (1). Vqqr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation 

Tc = +250 C.Pd 

Linear Derating Factor. 

Inductive Current, Clamped. IlM 

(See Figure 14, L = 100 mH) 

Single Pulse Avalanche Energy Rating (4). Eqs* 

Operating and Storage Junction.Tj, TstG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


IRFPI50 

IRFPI 51 

IRFPI 52 

IRFPI 53 


IRFP150R 

IRFP151R 

IRFPI 52R 

IRFPI53R 

UNITS 

100 

60 

100 

60 

V 

100 

60 

100 

60 

V 

40 

40 

34 

34 

A 

26 

26 

22 

22 

A 

160 

160 

140 

140 

A 

±20 

±20 

±20 

±20 

V 

180 

180 

180 

180 

W 

1.44 

1.44 

1.44 

1.44 

W/OC 

170 

170 

140 

140 

A 

150 

150 

150 

150 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


NOTES: 


1. Tj = + 25 OC to +150OC. 

2. Pulse Test: Pulse width < SOOfis, Duty Cycle < 2%. 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

4 . Vdd = 10 V, starting Tj = +250C, L = Rqs = SOfl, 


* R Suffix Types Only 


IpEAK ” 40A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2318.1 
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IRFP150, IRFP15 h IRFP152, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP150/152,1RFP150R/152R 


IRFP151 /153, IRFP151R/153R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP150/151, IRFP150R/151R 


IRFP152/153, IRFP152R/153R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP150/151, IRFP150R/151R 


IRFP152/153, IRFP152R/153R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


_ LIMITS _ 

MIN I TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250mA 


VgS(TH) Vds = VgS. Id = 250mA 


•GSS Vqs = 20V 


IGSS Vgs = “20V 


loss Vps = Max Rating, Vgs = OV _ 

Vps = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


•D(0N) Vds > ID(ON) X rDS(ON) Max. Vgs = 10V 


rDS(ON) Vgs = 10V, Ip = 22A 


Vps = 2 X VGS, Ip = 20A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
S ee Figure 10 


Vpp = 50V, Id = 40A, Rg = 6 .8n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 40A, Vps = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 40A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 40A, dlp/dt = 10OA/ps 

Reverse Recovered Charge 

Qrr 

Tj = -I-250C, Ip = 40A, dip/dt = 10OA/ps 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Tj = +25^C to +150^0 

2. Pulse Test: Pulse width < SOOfiS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vdd * 10V, Start Tj = +250C, L = 170pH, 
Rqs * ®0O, lp£AK “ 40A (See Figure 15) 
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IRFP150, IRFPISh IRFP752, IRFP153 IRFP150R, IRFP151R, IRFP152R, IRFP153R 
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IRFP150. IRFP151, IRFP152, IRFP153 IRFP150R, /RFP75JR, /RFP152R, IRFP153R 


BOks 

PUL 

SE T 

X V 

EST 

GS 










/ 







j 

z 



/ 




1 ' 




1 






12 24 36 46 60 

Iq. drain current (AMPERES) 


0.6 1.2 1.8 2.4 3.0 

VgQ, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 




-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj. JUNCTION TEMPERATURE ( °C) 


-60 -40 -20 0 20 40 60 80 100 120 140 160 

T JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


-Ciss = Cgs + Cgg. Cgg SHORTED 
^rss ” ^gd 

Cqss “ ^ds * ^gs ^-gd ^ *^gs * ^gd^ 

" Cds + Cgg 


Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


^ y-PPP CIRCUIT 

f I SEE FIGURE 17 

°0 30 60 90 120 150 

Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRFP150, IRFPISh IRFP152, IRFP153 IRFP150R, /RFP151R, IRFP152R, IRFP153R 




FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 


FIGURE 13. MAXIMUM DRAIN CURRENT vs CASE 
TEMPERATURE 


''DS 


VARY tp TO OBTAIN 
REQUIRED PEAK \\_ 


Vgs=iov^ 



DUT I 


I, 


I T L I 

VnQ ^ ^ E■^ 


o.osa 

-4——I 


Ei= O.SBVdss Ec= 0.75BVdsS 
FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


-Vds 



-±-Vdd 


''DSS 





— Vds 

■l 

—^ 

\ 



L" 




Vdd 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


''GS = 


PULSE WIDTH < 

DUTY FACTOR <0.1% 




FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

• 18A and 20A, 200V - 150V 

• = 0.1 an and 0.22n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Description 

The IRFP240R, IRFP241R, IRFP242R, and IRFP243R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect t/ansistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP240R, IRFP241R 
IRFP242R, IRFP243R 

N-Channel Power MOSFETs 
Avalanche Energy Rated 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRFP240R 

IRFP241R 

IRFP242R 

IRFP243R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

200 

150 

200 

150 

V 

Drain-Gate Voltage (Rqs ~ 20kfl) (1). 

Continuous Drain Current 

.... VdgR 

200 

150 

120 

150 

V 

Tc == +250C. 

.Id 

20 

20 

18 

18 

A 

Tc = +100OC. 

.b 

12 

12 

11 

11 

A 

Pulsed Drain Current (3). 

.Idm 

80 

80 

72 

72 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.vgs 

±20 

±20 

±20 

±20 

V 

Tc = +25OC. 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (4). 


510 

510 

510 

510 

mj 

Operating and Storage Junction. 

• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj =+25OC to+150OC. 


4. Vdd = 

50V, starting Tj 

= +25OC, L = 

1.9mH, Rqs = 50a, 


2. Pulse Test: Pulse width < 300|as, Duty Cycle < 2%. 


'peak 

= 20A. See Figures 14 and 15. 




3 . Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2087.1 
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Specifications iRFP240R, IRFP241R, iRFP242R, IRFP243R 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRFP240R,IRFP242R 

BVdsS 

IRFP241R,IRFP243R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

less 

Zero Gate Voltage Drain Current 

•dss 

On-State Drain Current (Note 2) 
IRFP240R,IRFP241R 

id(ON) 

IRFP242R,IRFP243R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP240R,IRFP241R 

''DS(ON) 

IRFP242R,IRFP243R 


Forward Transconductance (Note 2) 

9fs 

Input Capacitance 

C|SS 

Output Capacitance 

Goss 

Reverse Transfer Capacitance 

CrSS 

Turn-On Delay Time 

BSR9SI 

Rise Time 

I V 

Turn-Off Delay Time 

ISIBSSI 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 


TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


VdS = VgS. Id = 250mA 



VdS = Max Rating x 0.8 , Vqs = OV, 
Tj = +1250C 




Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VdS>50V,Id = 11A 


VqS = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 10OV, Iq = 18A, Rq = 9.1 n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


VqS = 1 OV, Ip = 18A, Vds = O.S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge Is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 
of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


•s 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 18A, Vqs = OV 

Reverse Recovery Time 

Vr 

Tj = -J-250C, Ip = 18A, dlp/dt = 1 DOA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 18A, dlp/dt = 1 OOA/ms 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp- 


0.83 OC/W 


OC/W 


30 OC/W 



NOTES: 1. Tj = +250C to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V, Start Tj = +250C, L = 1.9mH, 

2. Pulse Test: Pulse width < 300fis, 

junction temperature. See Transient Thermal 

Rqs 

= 500, IpEAK 20A. 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 

(See Figures 14 & 15) 
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DRAIN CURRENT (AMPERES) 5 Iq- D^AIN CURRENT (AMPERES) 


IRFP240R. IRFP241R, IRFP242R. IRFP243R 




Vq3. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE. JUNCTION-TO-CASE vs PULSE DURATION 
































































/RFP240R, /RFP24 7R, /RFP242R, /RFP243R 



Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 



-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 




FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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/RFP240R, IRFP241R, IRFP242R, /RFP243R 



Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON-RESISTANCE VS DRAIN CURRENT 




25 50 75 100 125 150 

Tq. case temperature CO 

FIGURE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


= 10V ( 

n *p I_; 




FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


PULSE WIDTH < l/iS 
DUTY FACTOR < 0.1% 



CURRENT 

REGULATOR 


.-CD:' 


> +Vds 
(ISOLATED 
SUPPLY) 




1 ,, iq 

' 10.2 . 

-50 ^ 



“kAj 



G ( \ DUT 


IG CURRENT -J-- Ip CURRENT 
SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

• 15A and 14A, 275V - 250V 

• r0S(on) = 0.28^ and 0.340 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 275V, 250V DC Rated - 120V AC Line System Operation 

Description 

The IRFP244, IRFP245, IRFP246, and IRFP247 are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


IRFP244, IRFP245 
IRFP246, IRFP247 

N-Channel Power MOSFETs 
Avalanche Energy Rated 



Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 





IRFP244 

IRFP245 

IRFP246 

IRFP247 

UNITS 

Drain-Source Voltage (1). 

.Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs == 20kn) (1). 

Continuous Drain Current 

• • ■ •Vdgr 

250 

250 

275 

275 

V 

Tq = +250C. 

. Id 

15 

14 

15 

14 

A 

Tc = +100OC. 

.Id 

9.7 

8.8 

9.7 

8.8 

A 

Pulsed Drain Current (3). 

.Idm 

60 

56 

60 

56 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C . 

.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (4). 


550 

550 

550 

550 

mJ 

Operating and Storage Junction. 

• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063" (1.6mm) from case for 10s) 







NOTES: 







1. Tj = + 25 OC to +150OC. 


4. VpD “ 

50V, starting Tj 

= + 25 OC, L = 

4.0mH, Rqs — 250, 


2. Puls© Test: Pulse width < 300fis, Duty Cycle < 2%. 


•peak 

= 15A. See Figures 14 and 15. 




3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporatbn 1991 


File Number 2211.1 
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Specifications IRFP244, IRFP245, IRFP246, IRFP247 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP244, IRFP245 


IRFP246, IRFP247 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP244, IRFP246 


IRFP245, IRFP247 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP244, IRFP246 


IRFP245, IRFP247 


Forward Transconductance (Note 2) 


Input Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


IIBBII 


VdS = Vqs. Id = 250fiA 


IGSS Vgs = 20V 


•GSS Vgs = -20V 


•dSS Vps = Max Rating, Vgs = OV _ 

Vps = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


•D(0N) Vds > Id(ON) X rDS(ON) Max, Vgs == 10 V 


'’DS(ON) Vgs = 1 ov, iq = 1 oa 


Vds>50V,Io = 10A 


J VqS = ov, Vds = 25V, f = 1 .OMHz 
j See Figure 10 


Vdd = 125V, Id = 15A, Rg = 9.1 n, 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 ov, Ip = 15A, Vds = 0.8 Max 
I Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
6mm (0.25") 
from package 
to center of 
die. 


Measured from the 
source lead, 6mm 
(0.25") from package 
to source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 





Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tj = 4-250C, Is = 15A, Vgs = OV 


Tj = +250C, If = 14A, dlp/dt = 10OA/ps 


Tj = 4-250C, Ip = 14A, dlp/dt = 10OA/^s 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 


NOTES: 1. Tj * +250C to +1500C 

2. Pulse Test: Pulse width < 300fis, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vqd = 50V, Start Tj = +250C, L = 4.0mH, 
RqS = 250, IpEAK = 15A. 

(See Figures 14 & 15) 
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, DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 



STLJ 


1. DUTY FACTOR, D = ti/t2 


2. PEAK Tj = Pdm X ZthJC + 


, RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction 
to-case vs. pulse duration. 
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IRFP244. IRFP245, IRFP246, IRFP247 



Fig. 6 - Typical transconductance vs. drain current. 



92GS-44110 


Fig. 7 - Typical source-drain diode forward voltage. 
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92GS-44094 

Fig. 8 - Breakdown voltage vs. temperature. 



Fig. 9 - Normalized on-resistance vs. temperature. 
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Vqs = 0 V, f = 1 MH2 

Cis3 = Cgs + Cg(j C^jg SHORTED 
CfSS = Cgd 

Coss “ Cds Cgs Cgd/Cgs + Cgjj 
= Cd# + Cgd 
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Fig. 10- Typical capacitance vs. drain-to-source voltage. 
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Fig. 11 - Typical gate charge vs. gate-to-source voltage 
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IRFP244, IRFP245, IRFP246, IRFP247 


80 hS PULSE TEST 























VgS = 

10V 




















1 







_ 



1 




_ 






Jj 










^Vgs=20V 











- 




r~“ 







0 15 30 45 60 

Id, drain current (AMPERES) 

Fig. 12- Typical on-resistance vs. drain current. 





25 50 75 100 125 15C 

Tc, CASE TEMPERATURE (“C) 

Fig. 13 - Maximum drain current vs case temperature. 


VARY t p TO OBTAIN DUIV 

REQUIRED PEAK II R^g /-i 


Vgs= iov ^ 

jL 


*/ 

'l— 

—Vds 

\ i 

/ 

/ 



Fig. 14 - Undamped energy test circuit. 


Fig. 15 - Undamped energy waveforms. 


PULSE WIDTH < 1/tS 
DUTY FACTOR < 0.1% 



CURRENT 

REGULATOR 


12V 10.2 JLSO 
BATTERY 




—-O + Vds 

(ISOLATED 

SUPPLY) 

L SAME 
I TYPE 
^ AS DUT 


IG CURRENT ^ Ip CURRENT 
SAMPUNG RESISTOR ““ SAMPUNG RESISTOR 


Fig. 16 - Switching time test circuit. 


Fig. 17 - Gate charge test circuit. 
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IRFP250/2S1/252/253 

IRFP250R/251R/252R/253R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 


Features 

• 27A and 33A, 150V - 200V 

• rDS(on) = 0.0850 and 0.1200 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP250, IRFP251, IRFP252, and IRFP253 are 
n-channel enhancement-mode silicon-gate power field-effect 
transistors. IRFP250R, IRFP251R, IRFP252R, and IRFP253R 
types are advanced power MOSFETs designed, tested, and 
guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. All of these power 
MOSFETs are designed for applications such as switching 
regulators, switching converters, motor drivers, relay drivers, 
and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These types 
can be operated directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 



Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Continuous Drain Current 

Tc = +25OC. 

Tc = +1000C. 

Pulsed Drain Current (3).. 


Maximum Power Dissipation 

Tc = +25OC. 

Linear Derating Factor. 

Inductive Current, Clamped ... 
(See Figure 14, L = 10OfiH) 


Temperature Range 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

NOTES: 

1. Tj = ■^•250ct0 +150®C. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

* R Suffix Types Only 


Unless Otherwise Specified 





IRFP250 

IRFP251 

iRFP252 

IRFP253 



IRFP250R 

IRFP251R 

iRFP252R 

IRFP253R 

UNITS 

• Vds 

200 

150 

200 

150 

V 

VdGR 

200 

150 

200 

150 

V 

...Id 

33 

33 

27 

27 

A 

... Id 

21 

21 

17 

17 

A 

• •Idm 

130 

130 

110 

110 

A 

• Vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

180 

180 

180 

180 

W 


1.44 

1.44 

1.44 

1.44 

w/oc 

• • Ilm 

120 

120 

100 

100 

A 

..Eas* 

810 

810 

810 

810 

mJ 

—I 
0) 
H 

o 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

...Tl 

300 

300 

300 

300 

OC 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 

4. Vdd = 50V, starting Tj = +250C, L = 1.1 mH, Rqs = 50n, 

'peak “ 33A. See Figure 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFP250, IRFP25 /, IRFP252, IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


TEST CONDITIONS 


VdS = VqS. = 250hA 


Vgs = 20V 


VgS = “20V 


Vds = Max Rating, Vgs = OV 


Vqs = Max Rating x 0.8, Vgs = 0^, 
Tc = +1250C 


Vds > ID(ON) x rDS(ON) Max» Vgs = 1 0V 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRFP250/252, IRFP250R/252R 

BVdsS 

IRFP251/253, IRFP251R/253R 


Gate Threshold Voltage 

D^SISI 

Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

•gss 

Zero Gate Voltage Drain Current 

'dss 

On-State Drain Current (Note 2) 
IRFP250/251, IRFP250R/251R 

>D(ON) 

IRFP252/253, IRFP252R/253R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP250/251, IRFP250R/251R 

''DS(ON) 

IRFP252/253, IRFP252R/253R 


Forward Transconductance (Note 2) 

gfs 

Input Capacitance 

Ciss 

Output Capacitance 

Coss 

Reverse Transfer Capacitance 


Turn-On Delay Time 

KBBSBH 

Rise Time 

tr 

Turn-Off Delay Time 

td(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

^dd 

Internal Drain Inductance 

Ld 


_ LIMITS _ 

MIN I TYP I MAX UNITS 



Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Vds > 50V, id = i7a 


Vgs = ov, Vds = 25v, f = 1 .omhz 
See Figure 10 


Vdd = 10OV, Id = 30A, Rg = 6 .2n 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 30A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


R0CS Mounting surface flat, smooth and greased 


R0JA air operation 


Source Drain Diode Ratings and Characteristics 


is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 33A, Vgs = OV 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 30A, dlp/dt = 1 GOA/ps 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 30A, dip/dt = 10GA/jis 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Lc + Ld- 


NOTES; 1. Tj = +250C to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V, start Tj = +250C, L = 1.1 mH. 

2. Pulse Test: Pulse width < 300jiS, 

junction temperature. See Transient Thermal 

Rqs 

= 50f2, IpEAK “ (See Figure 1 5) 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 



4-499 


N-CHANNEL 
POWER MOSFETs 






















































































































































DRAIN CURRENT (AMPERES) ^ j DRAIN CURRENT (AMPERES) 


IRFP2S0, IRFP251, /RFP252. IRFP253 IRFP250R, IRFP251R, IRFP252R, /RFP253R 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 






























































IRFP250, /RFP251, IRFP252, IRFP253 IRFP250R, IRFP251R, IRFP252R, IRFP253R 



(h 

05 

OD 



-40 


-20 


Tj. 


0 20 40 60 80 100 120 140 160 

JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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IRFP250, IRFP25 /, IRFP252. IRFP253 IRFP250R, IRFP251R. IRFP252R. IRFP253R 



FIGURE 12. TYPICAL ON RESISTANCE vs DRAIN CURRENT 




FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 




PULSE WIDTH < IfiS 
DUTY FACTOR < 0.1% 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 



FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRFP254, IRFP255 
IRFP256j IRFP257 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 21A and 23A, 250V and 275V 

• •'DS(on) = 0.14n and 0.170 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 250V, 275V DC Rated - 120V AC Line System Operation 


Package 


TO-247 
TOP VIEW 



Description 

The IRFP254, IRFP255, (RFP256, and IRFP257 are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 





IRFP254 

IRFP255 

IRFP256 

IRFP257 

UNITS 

Drain-Source Voltage (1). 

. Vds 

250 

250 

275 

275 

V 

Drain-Gate Voltage (Rqs “ 20kfl) (1). 

Continuous Drain Current 

.V0GR 

250 

250 

275 

275 

V 

Tq = +250C. 

.Id 

23 

21 

23 

21 

A 

Tc = +100OC. 

. Id 

15 

13 

15 

13 

A 

Pulsed Drain Current (3). 

.idm 

92 

84 

92 

84 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C.. 

.Pd 

180 

180 

180 

180 

W 

Linear Derating Factor. 


1.44 

1.44 

1.44 

1.44 

VV/OC 

Single Pulse Avalanche Energy Rating (4). 


1000 

1000 

1000 

1000 

mJ 

Operating and Storage Junction. 

-Tj.Tstg 

-55 to+150 

-55*0+150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

. . Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = +25^C to +150^0. 


4. Vqd = 

50V, starting Tj 

= + 25 OC. L = 

3.1 mH, Rqs = 25n, 



2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


IpEAK ~ 23A. See Figures 14 and 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedure 
Copyright © Harris Corporation 1991 


i should be followed. 
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Specifications IRFP254, IRFP255, IRFP256, IRFP257 


Electrical Characteristics Jq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP254,IRFP255 


IRFP256,IRFP257 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP254,IRFP256 


IRFP255,IRFP257 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP254,IRFP256 


IRFP255,IRFP257 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-SInk 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vqs = OV, Id = 250mA 


VdS = VgS. lD = 250pA 


«GSS Vgs = 20V 


'GSS Vgs = -20V 


loss Vps = Max Rating, Vqs = OV _ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vds > ID(ON) x rDS(ON) Max, Vgs = 10V 


rDS(ON) Vgs=10V,Id = 13A 


Vds>50V,Id = 13A 


Vgs = ov, Vds = 25v, f = 1 .omhz 
See Figure 1 0 


Vdd = 125V, Id = 23A, Rg = 6.20, 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 23A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
6 mm (0.25”) 
from package 
to center of 
die. 


Measured from the 
source lead, 6 mm 
(0.25”) from package 
to source bonding 
pad. 


R0JC 


f^0CS Mounting surface flat, smooth and greased 


R 0 JA Free air operation 




Source Drain Diode Ratings and Characteristics 


is 


Continuous Source Current 
(Body Diode) 


Pulse Source Current 
(Body Diode) (Note 3) 



Modified MOSFET 
symbol showing the 
Integral reverse 
P-N junc. rectifier. 


Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 23A, Vgs = ov 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 22A, dlp/dt = 1 GOA/^s 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 22A, dlp/dt = 10OA/ps 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


NOTES: 1. Tj = +25^0 to +150^0 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V, Start Tj = +250C, L = 3.1 mH, 

2. Pulse Test: Pulse width < 300|iS, 

junction temperature. See Transient Thermal 

Rqs 

= 250, IpEAK “ 23A. 

Duty Cycle <2% 

Impedance Curve (Figure 5) 

(See Figures 14 & 15) 
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DRAIN CURRENT (AMPERES) In. DRAIN CURRENT (AMPERES) 


[RFP254, IRFP255, IRFP256, IRFP257 



Vq2. DRAIN-TO-SOURCE voltage (VOLTS) 
F/g. ^ - Typical output characteristics. 



Vq3. GATE-TO-SOURCE voltage (VOLTS) 


Fig. 2 - Typical transfer characteristics. 



Vq2. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 



92GS-44231 

Fig. 4 - Maximum safe operating area. 




RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFP254, IRFP255, IRFP256, IRFP257 



Iq. drain current (AMPERES) 


Fig. 6 - Typical transconductance vs. drain current. 




-60 -40 -20 0 20 40 60 80 100 120 140 160 


Tj, JUNCTION TEMPERATURE ( °C) 

Fig. 8 - Breakdown voltage vs. temperature. 



0 oi-1-1-1-1—-J-1-1-1—-- i 

-60 -40 -20 0 20 40 60 80 100 120 140 160 


Tj, JUNCTION TEMPERATURE ( °C) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vq2. DRAIN-TO-SOURCE voltage (VOLTS) 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFP254, IRFP255, IRFP256, IRFP257 



■ 0 20 40 60 80 100 

Iq. drain current (AMPERES) 

F/g. 72 - Typical on-resistance vs. drain current. 



”25 50 75 100 125 150 

Tq. CASE TEMPERATURE CO 

Fig. 13 - Maximum drain current vs case temperature. 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


-1 

VGS=^oj-.Tr|_( 




Fig. 14 - Undamped energy test circuit. 


Fig. 15 - Undamped energy waveforms. 


PULSE WIDTH < 1^S 
DUTY FACTOR < 0.1% 





CURRENT I 
REGULATOR _T 

X ' 

-50 \ 

1 _ ( 1 pn 

M0.2 - 



r - 

-kn j 




> + Vds 

(ISOLATED 

SUPPLY) 


IG CURRENT -i— Id CURRENT 
SAMPUNG RESISTOR "• SAMPUNG RESISTOR 


Fig. 16 - Switching time test circuit. 


Fig. 17 - Gate charge test circuit. 
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IRFP340Rj IRFP341R 
IRFP342R, IRFP343R 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 11A and 8.7A, 350V and 400V 

• rDS(on) = 0.55n and 0.80n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The 1RFP340R, IRFP341R, IRFP342R, and IRFP343R are 
advanced power MOSFETs designed, tested and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Package 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 


o 


Z> SOURCE 


I> DRAIN 
Z>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs = 20 kn) (1). Vqgr 

Continuous Drain Current 

Tc = +250C. Id 

Tc = +100 OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +25OC. Pd 

Linear Derating Factor. 

Single Pulse Avalanche Energy Rating (4).Egs 

Operating and Storage Junction. Tj,TstG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


IRFP340R 

IRFP341R 

IRFP342R 

IRFP343R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

11 

11 

8.7 

8.7 

A 

6.8 

6.8 

5.5 

5.5 

A 

44 

44 

35 

35 

A 

±20 

±20 

±20 

±20 

V 

150 

150 

150 

150 

W 

1.2 

1.2 

1.2 

1.2 

W/OC 

480 

480 

480 

480 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25 OC to +150OC. 4. Vdd = 50V, starting Tj = +250C, L = 7.0mH, Rqs = 500, 

2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2%. = “11 A. See Figures 14 and 15. 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP340R, IRFP341R, IRFP342R, IRFP343R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP340R,IRFP342R 


IRFP341R,IRFP343R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP340R,IRFP341R 


IRFP342R,IRFP343R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP340R,IRFP341R 
IRFP342R,IRFP343R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


SYMBOL 

TEST CONDITIONS 

BVdsS 

VgS = 0V, lD = 250jjA 

i^ibeh 

VdS = VgS. lD = 250|iA 

■gss 

Vgs = 20V 

•gss 

Vgs = -20V 

•dss 

Vqs = Max Rating, Vgs = OV 


Vds = Max Rating x 0.8, Vgs = 


Tj = +1250C 

Id(on) 

Vds > b(ON) X rDS(ON) Max, Vgs = 10V 

'■DS(ON) 

Vgs = 10V,Id = 5.5A 

gfs 

VdS>50V,Id = 5.5A 

C|SS 

Vgs = OV, Vds = 25v, f = i .omhz 

Coss 

See Figure 10 

CrSS 



_ LIMITS _ 

MIN I TYP I MAX UNITS 


Vdd - 200V, Id = 11 A, Rg = 9.1 H 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vqs = 1 OV, Ip = 10A, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 
of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0JC 


RqCS Mounting surface flat, smooth and greased 


R0 jA Free air operation 







0.83 OC/W 


oc/W 


30 I oC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

«S 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Tj = +250C, Is = 11 A, Vqs = OV 


Tj = +250C, Ip = 10A, dlp/dt = 10OA/ps 


Tj = +250C, Ip = 10A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Lq. 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = SOV, Start Tj = +250C, L = 7.0mH, 
RqS = 50^- IPEAK = 11 A. 

(See Figures 14 & 15) 
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DRAIN CURRENT (AMPERES) T1 In. DRAIN CURRENT (AMPERES) 


IRFP340R, IRFP341R. IRFP342R, IRFP343R 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 




tj. RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
































































IRFP340R, IRFP341R. IRFP342R. IRFP343R 



12 16 
l0. DRAIN CURRENT (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 





Vgp. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 


O g 

tn § 0.95 



-60 -40 -20 0 20 40 60 80 100 120 140 160 

T JUNCTION TEMPERATURE ( °C) 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 
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Vq3. DRAIN-TO-SOURCE voltage (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 



Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 


4-511 


N-CHANr^L 
POWER MOSFETs 
























IRFP340R, /RFP341R, IRFP342R, IRFP343R 





FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 



FIGURE 16. SWITCHING TIME TEST CIRCUIT FIGURE 17. GATE CHARGE TEST CIRCUIT 
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^ HARRIS IRFP350/351/352/353 

IRFP350R/351R/352R/353R 

N-Channel Power MOSFETs 
August 1993 Avalanche Energy Rated* 


Features 

• 14A and 16A, 350V - 400V 

• rDS(on) = O.sn and 0.40 

• Single Pulse Avalanche Energy Rated* 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 


Package 


TO-247 

TOP VIEW 



> SOURCE 

> DRAIN 

> GATE 


Description 


The IRFP350, IRFP351, IRFP352, and IRFP353 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRFP350R, IRFP351R, IRFP352R and IRFP353R types 
are advanced power MOSFETs designed, tested, and guaran¬ 
teed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the TO-247 plastic style pack¬ 
age. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage {1). Vq 3 

Drain-Gate Voltage (RqS = 20kfi) (1). Vdgr 

Continuous Drain Current 

Tc = + 250 C.Id 

Tc = +100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = +250C. Pd 

Linear Derating Factor. 

Inductive Current, Clamped. IlM 

(See Figure 14, L = 100fiH) 

Single Pulse Avalanche Energy Rating (4).E/^s^ 

Operating and Storage Junction.Tj, Tsjq 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFP350 

IRFP351 

IRFP352 

IRFP353 


IRFP350R 

IRFP351R 

IRFP352R 

IRFP353R 

UNITS 

400 

350 

400 

350 

V 

400 

350 

400 

350 

V 

16 

16 

14 

14 

A 

10 

10 

8.9 

8.9 

A 

64 

64 

56 

56 

A 

±20 

±20 

±20 

±20 

V 

180 

180 

180 

180 

W 

1.44 

1.44 

1.44 

1.44 

W/OC 

64 

64 

56 

56 

A 

700 

700 

700 

700 

mj 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES: 

1. Tj = + 25 OC to +1500c. 4. Vdd = 40V, Starting Tj = + 25 OC, L = 5.66mH, Rqs = 50n, 

2. Pulse Test: Pulse width < SOO^is, Duty Cycle <2%. IpEAK = 15A. See Figure 15. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg [sjumbcr 231 9.2 

Copyright © Harris Corporation 1993 
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IRFP350, IRFP351, IRFP352, /RFP353 IRFP350R, IRFP351R, IRFP352R, IRFP353R 


Electrical Characteristics Tc = 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP350/352, IRFP350R/352R 


IRFP351/353, IRFP351R/353R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP350/351, IRFP350R/351R 


IRFP352/353, IRFP352R/353R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP350/351, IRFP350R/351R 


IRFP352/353, IRFP352R/353R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250pA 


i^am 


VdS = VqS* b = 250}iA 


«GSS Vgs = 20V 


•GSS Vgs = -20V 


loss Vps = Max Rating, Vgs = QV _ 

Vds == Max Rating x 0.8, Vgs = 

Tj = +1250C 


iD(ON) Vds > Id(ON) x rDS(ON) Max» VgS = 1 0V 


rDS(ON) Vgs = 10 V, Id = 8.9A 


Vds = 2xVgsJd = 8.0A 


Vgs = ov, Vds = 25v, f = i .omhz 
S ee Figure 10 


Vdd = 200V, Id = 16A, Rg = 6.2^ 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 1 OV, Ip = 16A, Vds = O-SV Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


R0CS Mounting surface flat, smooth and greased 


R0JA Free air operation 






0.70 OC/W 


0.10 - OC/W 


30 OC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

frr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Tj = +250C, Is = 16A, Vgs = OV 


Tj = +150OC, Ip = 15A, dlp/dt = 10OA/jis 


Tj = +150OC, Ip = 15A, dlp/dt = 10OA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 



NOTES: 1. Tj = +250C to +1 SO^C 

2. Pulse Test: Pulse width ^300|iS, 
Duty Cycle <2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4 . Vdd = 40V, Start Tj = +250C, L = 5.66mH, 
Rqs ~ 50fi, IpEAK = (See Figure 15) 
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IRFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP351R, IRFP352R, IRFP353R 
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/RFP350, IRFP351, IRFP352, IRFP353 IRFP350R, IRFP351R, IRFP352R, /RFP353R 


Performance Curves (Continued) 


BOhs pulse test 

Vne = 2 X Vpo 
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I 

J=25 

°C 

















iO°C ‘ 



— 


J 


















0 5 10 15 20 25 

Iq. drain current (AMPERES) 

FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 




0.0 0.4 0.8 1.2 1.6 2.0 

VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



-60 -40 -20 0 20 40 60 00 100 120 140 160 

T JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



■-60 -40 -20 0 20 40 60 BO 100 120 140 160 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 



1 2 5 10 2 5 io2 

Vq3. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


^0 

15A 






















, 

r 



T 



L 




I I 

Vqs = 200 V 

I I 

Vnc = 320V, 


7 FOR TEST CIRCUIT 

j SEE FIGURE 17 

oI---- J --- 

0 30 60 90 120 150 

Qg. TOTAL GATE CHARGE (nC) 

FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRFP350, IRFP351, /RFP352, IRFP353 IRFP350R, /RFP351R, IRFP352R, IRFP3S3R 


Performance Curves (Continued) 



13 26 39 52 65 

l0. DRAIN CURRENT (AMPERES) 



25 50 75 100 125 150 

Tp. CASE TEMPERATURE ( ^C) 


FIGURE 12. TYPICAL ON-RESISTANCE VS. DRAIN CURRENT 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


VARY tp TO OBTAIN 
REQUIRED PEAK II 

~T\ - 



Ei = O.SBVdss Ec= 0.75BVdsS 


FIGURE 14a. CLAMPED INDUCTIVE TEST CIRCUIT 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


~f\ -1 

''es-_g-Tr|_ 



FIGURE 15a. UNCLAMPED ENERGY TEST CIRCUIT 



FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 



FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 


PULSE WIDTH < 1;iS 
DUTY FACTOR <0.1% 



12V 10.2 J-50 
BATTERY 


1—0 + Vds 

CURRENT A (ISOLATED 

REGULATOR I SUPPLY) 

/TI—TN SAME 
M ITYPE 
--AS DUT 


G DUT 




—^ -_VW-4--AAAr--o -Vds 

ig current JL Id current 

SAMPUNG RESISTOR “ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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IRFP360 
IRFP362 

N-Channel Power MOSFETs 
August 1991 Avalanche-Energy Rated 

Features 

• 20A and 23A, 400V 

• = 0.20n and 0.250 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP360 and IRFP362 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 

These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis* 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from integrated circuits. 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 



Package 


TO-247 
TOP VIEW 


SOURCE 




Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Continuous Drain Current 


IRFP360 

IRFP362 

UNITS 

Tc = +250C. 

.Id 

23 

20 

A 

Tc = +100OC. 

.Id 

14 

13 

A 

Pulsed Drain Current (1). 

.idm 

92 

80 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

250 

250 

W 

Linear Derating Factor. 


2.0 

2.0 

W/OC 

Single Pulse Avalanche Energy Rating (2). 

See Figure 14 

.Eas 

1200 

1200 

mj 

Operating and Storage Junction. 

Temperature Range 

.Tj,TstG 

-55 to +150 

-55 to+150 

OC 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

2. Vdd = 50V, starting Tj = +250C, L = 4.0mH, Rqs = 250, Peak II = 23A. 

300 

300 

OC 


3. Pulse Test: Pulse width < 300|is, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFP360, IRFP362 


Electrical Characteristics Tc = 250 C, Unless Otherwise Specified 






CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 
Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 3) 
IRFP360 


IRFP362 


Static Drain-Source On-State 
Resistance (Note 3) 

IRFP360 


IRFP362 


Forward Transconductance (Note 3) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 

Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Dram Inductance 


Interna! Source Inductance 


SYMBOL 


BVdsS 



TEST CONDITIONS 


Vqs = OV, Id = 250mA 


VdS = VGS. b = 250 mA 


Vqs = 20V 


VgS = -20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tj = +1250C 


Vds > ID(ON) X rDS(ON) Max. VqS = 1 0 V 


Junction-to-Case 

Rejc 

Case-to-Sink 

R0CS 

Junction-to-Ambient 

R0JA 


'’DS(ON) Vgs = 10V,Id = 13A 


Vds > 50V, Ids > ISA 


VgS = OV, Vds = 25V, f = 1 .OMHz 
S ee Figure 10 


Vdd = 200V, Id = 25A, Rg = 4.3n 
Rd = 7.5n. (MOSFET switching times 
are essentially independent of operating 
temperature) 


Vgs = 10V, Ip = 25A, Vds = 0.8V X Max 
Rating. See Figure 16 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 






0.10 - OC/W 


30 OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET _^ 

symbol showing the ^ 

SI 

- 

- 

23 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse j . |- 

P-N junc. rectifier. G 1 j 'i 


- 

- 

92 

H 



1 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 23A, Vqs = OV 


- 

- 

1.8 

V 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 25A, dlp/dt = 10OA/jis 

200 

460 

1000 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 25A, dip/dt = 10OA/jis 

3.1 

7.1 

16 

fiC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 


“ 

” 



NOTES: 

1. Repetitive Rating: Pulse width linnited by max. junction temperature. See 3. Pulse Test: Pulse width ;< 300}is, Duty Cycle < 2% 
Transient Thermal Impedance Curve (Figure 5) 

2. Vdd = 50V, Start Tj = +250C. L = 4.0mH, Rq = 250, IpgAK = 23A 
(See Figure 14) 
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DRAIN CURRENT (AMPERES) Iq- DRAIN CURRENT (AMPERES) 


IRFP360. IRFP362 



Vpg. DRAIN-TO'SOURCE VOLTAGE (VOLTS) 



Vq3. GATE-TO-SOURCE voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 



Fig. 3 - Typical saturation characteristics. 



92GS-44233 


Fig. 4 - Maximum safe operating area. 



t^. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFP360, /RFP362 



in 

tr 



VgQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



Vps. DRAIN-TD-SOURCE VOLTAGE (VOLTS) 



Qg. TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


4-521 













HQ3(on)' DRAIN-TO-SOURCE ON RESISTANCE 


IRFP360. IRFP362 





Tq, case temperature ('O 


Fig. 12 - Typical on-resistance vs. drain current 


Fig. 13 - Maximum drain current vs. case temperature. 


Vos 




Fig. 14a - Undamped inductive test circuit 


BVOSS 




td(off) 


Fig. 14b - Undamped inductive waveforms. 



Fig. 15b- Switching time waveforms. 



Fig. 16a - Basic gate charge waveform. 


Fig. 16b - Gate charge test circuit 









August 1991 


Features 

• 7.7A and 8.8A, 400V - 500V 

• rDS(on) = 0.850 and 1.10 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Description 

The IRFP440R, IRFP441R, IRFP442R, and IRFP443R are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown ava¬ 
lanche mode of operation. These are n-channel enhancement¬ 
mode silicon gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP440R, IRFP441R 
IRFP442R, IRFP443R 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




IRFP440R 

IRFP441R 

IRFP442R 

IRFP443R 

UNITS 

Drain-Source Voltage (1). 

.Vds 

500 

450 

500 

450 

V 

Drain-Gate Voltage (Rqs = 20kn) (1). 

Continuous Drain Current 

.Vdgr 

500 

450 

500 

450 

V 

Tc = +250C. 

.Id 

8.8 

8.8 

7.7 

7.7 

A 

Tc = +100OC. 

.Id 

5.6 

5.6 

4.9 

4.9 

A 

Pulsed Drain Current (3). 

.Idm 

35 

35 

31 

31 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

. -.Pd 

150 

150 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (4). 

.EaS 

480 

480 

480 

480 

mJ 

Operating and Storage Junction. 

•••• Tj,Tstg 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +250ct0 +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum junction temperature. 
See Transient Thermal Impedance Curve (Figure 5). 


4. Vqq = 50V, starting Tj = +25^C. L = 11 mH, Rqs = 50n, IreaK = 8-8A. 
See Figures 14 & 15. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications iRFP440R, IRFP441R, IRFP442R, /RFP443R 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP440R, IRFP442R 


IRFP441R,IRFP443R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP440R,IRFP441R 


IRFP442R, IRFP443R 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP440R,IRFP441R 


IRFP442R,IRFP443R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse T ransfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Dram (‘ Miller ) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junctlon-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdSS Vgs = 0V,Id = 250|jA 


VgS(TH) Vds = Vgs. lD = 250fiA 


«GSS Vgs = 20V 


«GSS Vgs = -20V 


loss Vps = Max Rating, Vgs = OV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


ID(ON) Vds > iD(ON) X rDS(ON) Max, Vgs = 10V 


''DS(ON) Vgs = 10V,Id = 4.9A 


Vds > 50V, Iq = 4.9A 


Vgs = OV, Vds = 25v, f = i .omhz 

See Figure 10 


Vdd = 250V, Id = 8A, Rg = 9.1 Cl 
See Figure 16. (MOSFET switching times 
are essentially Independent of operating 
temperature) 


Vgs = 1 OV, Ip = 8A, Vds = O-S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center 
of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


R0JC 


B0CS Mounting surface flat, smooth and greased 


R0 jA Free air operation 






4.0 

V 

100 

nA 

-100 

nA 

250 

liA 

1000 

jiA 



0.83 OC/W 


0.1 “ OC/W 


30 oC/W 


Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 


Forward Turn-on Time 

tON 


Tj = +250C, Is = 8.8A, Vgs = OV 


Tj = +250C, Ip = 8.0A, dlp/dt = 100A/[is 


Tj = +250C, Ip = 8.0A, dlp/dt = 10OA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 



NOTES; 1. Tj = +250C to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4- Vdd 

= 50V, Start Tj = +250C, L = IlmH, 

2. Pulse Test: Pulse width < 300iiS, 

junction temperature. S6e Transient Thermal 

Rqs 

= 500, IpEAK “ 8.8A 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 

(See Figures 14 & 15) 
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/RFP440R, IRFP441R, /RFP442R, IRFP143R 




FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



V^g. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 4. MAXIMUM SAFE OPERATING AREA 



FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFP440R, IRFP441R, IRFP442R, /RFP443R 



FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 




FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 


FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 




FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 






IRFP440R, IRFP441R, fRFP442R, /RFP443R 





Iq. drain current (AMPERES) 

FIGURE 12. TYPICAL ON-REStSTANCE VS DRAIN CURRBNT 



75 lOO i25 

CASE TEMPERATURE CO 


F\mmE 13. MAXIMUM DRAIN CURRENT VS CASE 
TEMPERATURE 


VARY tp TO OBTAIN 


REQUIRED PEAK li 



I- Rgs 



FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


PULSE WIDTH < 1>tS 
DUTY FACTOR < 0.1% 





CURRENT 

REGULATOR 


12V 10.2 -1.50 2 
BATTERY 


r—O + Vds 
& (ISOLATED 
___ SUPPLY) 

SAME 
1^ ITYPE 
/ AS DUT 


9 I 1 DUT 


—^W—4—“VW—o ■'^DS 

IG CURRENT ■■L, Ip CURRENT 
SAMPUNG RESISTOR ““ SAMPUNG RESISTOR 


FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 
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Features 

• 12A and 14A, 450V - 500V 

• O.SCl 

• Single Pulse Avalanche Energy Rated* 

• SO A is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP450, IRFP451, IRFP452, and IRFP453 are n-channel 
enhancement-mode silicon-gate power field-effect transis¬ 
tors. IRFP450R, IRFP451R, IRFP452R and IRFP453R types 
are advanced power MOSFETs designed, tested, and guaran¬ 
teed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. All of these power MOSFETs are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


IRFP450/451/4S2/4S3 
mFP450R/451 R/452R/453R 

N-Channel Power MOSFETs 
Avalanche Energy Rated* 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Continuous Drain Current 
Tc = +250C. 


Pulsed Drain Current (3). 


Maximum Power Dissipation 

Tc = +250C. 

Linear Derating Factor.. 

Inductive Current, Clamped .. 
(See Figure 14, L = 100|iH) 


Temperature Range 
Maximum Lead Temperature for Solde 
(0.063” (1 .emm) from case for 10s) 


NOTES: 

1. Tj = +25OC to +150OC. 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2%. 

3. Repetitive rating: Pulse width limited by maximum jur 
See Transient Thermal Impedance Curve (Figure 5). 
*R Suffix Types Only 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 



IRFP450 

IRFP451 

IRFP452 

IRFP453 



IRFP450R 

IRFP451R 

IRFP452R 

IRFP453R 

UNITS 

• Vds 

500 

450 

500 

450 

V 

VdGR 

500 

450 

500 

450 

V 

...Id 

14 

14 

12 

12 

A 

...Id 

8.8 

8.8 

7.9 

7.9 

A 

.. Idm 

56 

56 

48 

48 

A 

• vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

180 

180 

180 

180 

W 


1.44 

1.44 

1.44 

1.44 

W/OC 

• ■ ‘lm 

52 

52 

48 

48 

A 

■ • • EaS* 

860 

860 

860 

860 

mJ 

j»tstg 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

....Tl 

300 

300 

300 

300 

OC 


4. Vdd = 

50V, Starting Tj 

s= +25OC, L = 

7.9mH, Rqs = 250, 



•peak 

= 14A. See Figure 15. 



temperature. 
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IRFP450, IRFP45 /, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 



Electrical Characteristics Tq = 25oc, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP450/452, IRFP450R/452R 


1RFP451/453,1RFP451R/453R 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP450/451, IRFP450R/451R 


IRFP452/453, IRFP452R/453R 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP450/451, IRFP450R/451R 


IRFP452/453, IRFP452R/453R 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Dram Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


LIMITS 

TYP I MAX UNITS 


BVdSS 

Vqs = OV, Id = 250mA 


VdS = VgS. lD = 250pA 

•gss 

VgS = 20V 

igss 

VgS = “20V 

idss 

VdS = Max Rating, Vqs = OV 


VdS = Max Rating x 0.8, Vqs = OV, 

Tj = +1250C 

ID(ON) 

VdS > ID(ON) X rDS(ON) Max. VgS = 10V 

rDSfON) 

Vgs = 10V,Id = 7.9A 

gfs 

Vds>50V, Id = 7.9A 

C|SS 

Vgs = OV, VdS = 25V, f = 1 .OMHz 

Coss 

See Figure 10 

CrsS 


iBsm 

Vdd = 250V, Id = 14A, Rq = 6.1 n 

tr 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature) 

td(OFF) 

tf 


Qg 

Vgs = 10V, Id = 1 4A, Vds = 0.8V Max 
Rating. See Figure 17 for test circuit. 

Qqs 

(Gate charge is essentially independent of 

or^Arofinn irA \ 

Qgd 

UfJwiclliiiy It^l 1 l(JVI Clltif 



Measured between 
the contact screw on 
header that is closer 
to source and gate 
pins and center of 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

tON 


Tj = +250C, Is = 1 4A, Vqs = OV 


Tj = +150OC, Ip = 13A, dip/dt = 10OA/ps 


Tj = +150OC, Ip = 13A, dIp/dt = 100A/fis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


0.70 

OC/W 

- 

OC/W 

30 

oC/W 



NOTES: 1. Tj = +25^0 to +150OC 

3. Repetitive Rating: Pulse width limited by max. 

4. Vdd 

= 50V, Start Tj = +250C. L = 7.9mH, 

2. Pulse Test: Pulse width <300)iS, 

junction temperature. See Transient Thermal 

Rqs 

= 25f2, IpEAK = 14A (See Figure 15) 

Duty Cycle < 2% 

Impedance Curve (Figure 5) 
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DRAIN CURRENT (AMPERES) 


IRFP450, IRFP451, IRFP452, IRFP453 IRFP450R, IRFP451R, IRFP452R, IRFP453R 














































IRFP450. IRFP451, IRFP452, IRFP453 IRFP450R, IRFP45 7R, IRFP452R, /RFP453R 


Performance Curves (Continued) 



4 B 12 16 20 

In. DRAIN CURRENT (AMPERES) 


VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN 
CURRENT 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE ( °C) 

FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 



■-60 -40 -20 0 20 40 60 BO 100 120 140 160 

Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 9. NORMALIZED ON-RESISTANCE vs 
TEMPERATURE 


-<^155 = Cgs + Cgg. Cqs shorted 
^rss ° Sd 

^oss ' ^ds * ^gd ^ '-gs * ^gd* 
* ^ds ^gd 

I Mini _I 'Mill 



Vq5. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Qq. total gate charge (nC) 


FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 


FIGURE 11. TYPICAL GATE CHARGE vs 

GATE-TO-SOURCE VOLTAGE 
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IRF450, IRF451, IRF452, /RF453 IRF450R, /RF451R, IRF452R, IRF453R 


Performance Curves (Continued) 




T(;, CASE TEMPERATURE (<>0 


FIGURE 12. TYPICAL ON>RESISTANCE VS. DRAIN CURRENT 


FIGURE 13. MAXIMUM DRAIN CURRENT VS. CASE 
TEMPERATURE 


^DS 




Ec 





—Vds 


■l 

1 






\ 



\ 

_ El 


''DSS 


'p A 




-VdS 


VdD 


FIGURE 14b. CLAMPED INDUCTIVE WAVEFORMS 


FIGURE 15b. UNCLAMPED ENERGY WAVEFORMS 




FIGURE 16. SWITCHING TIME TEST CIRCUIT 


FIGURE 17. GATE CHARGE TEST CIRCUIT 





August 1991 


IRFP460 

IRFP462 

N-Channel Power MOSFETs 
Avalanche-Energy Rated 


Features 

• 20A and 17A, 500V 

• rDS{o*^) = 0.27n and 0.35n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-247 
TOP VIEW 



SOURCE 


> DRAIN 


>GATE 


Description 


The IRFP460 and IRFP462 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transis¬ 
tors requiring high speed and low gate-drive power. These 
types can be operated directly from Integrated circuits. 

The IRFP-types are supplied in the JEDEC TO-247 plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings {Jq = + 250 C), Unless Otherwise Specified 


Continuous Drain Current 


IRFP460 

IRFP462 

UNITS 

Tq = +250C . 

.‘d 

20 

17 

A 

Tc = +100OC.. 

. b 

12 

11 

A 

Pulsed Drain Current (1).. 

.‘dm 

80 

68 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tq = +250C . 

.Pd 

250 

250 

W 

Linear Derating Factor. 


2.0 

2.0 

W/OC 

Single Pulse Avalanche Energy Rating (2). 

See Figure 14 

.EaS 

960 

960 

mJ 

Operating and Storage Junction. 

Temperature Range 

.Tj.TSTG 

-55 to +150 

-55 to+150 

oc 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1 . Repetitive rating: Pulse width limited by maximum junction temperature. 

See Transient Thermal Impedance Curve (Figure 5). 

2. Vqd = 50V, starting Tj = +250C, L = 4.3mH, Rqs = 250, Peak II » 20A. 

300 

300 

oc 


See Fig. 14. 

3. Pulse Test: Pulse width < 300ms, Duty Cycle < 2%. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFP460, IRFP462 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tj) = 25°C Unless Otherwise Specified 


I Parameter 

Type 

Min. 

Tyfx 

Max. 

Units 

Test Conditions 

BVdss 

Drain-to-Source Breakdown Voltage 

ALL 

500 

- 

- 

V 

Vqs = OV. Iq = 250 fiA 

Boston) 

Static Drain-to-Source 

On-State Resistance @ 

IRFP460 

- 

0.24 

0.27 

0 

Vqs = 10V, Id = 11A 


IRFP462 

- 

0.27 

0.35 


•Oton) 

On-State Drain Current (D 

IRFP460 

20 



A 

VdS > 'D(on) Boston) Max. 



IRFP462 

17 




Vqs = 10 V 


VQSIth) 

Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

VdS = Vqs. 'd = 250 mA 

Ofs 

Forward Transconductance (D 

ALL 

13 

19 

- 

S (0) 

Vds = 2: 50V, Ids = 11A 

loss 

Zero Gate Voltage Drain Current 

ALL 

- 

- 

250 

mA 

Vds = Max. Rating, Vqs 

= OV 



- 

- 

1000 

Vds “ ® ® ^ Max. Rating 

Vqs = OV, Tj = 125°C 

•gss 

Gate-to-Source Leakage Forward 

ALL 

- 

- 

500 

nA 

Vqs = 20V 

•gss 

Gate-to-Source Leakage Reverse 

ALL 

- 

- 

-500 

nA 

Vqs = -20V 

% 

Total Gate Charge 

ALL 

- 

120 

190 

nC 

Vqs = 10V, Id = 21 A 

Vds 0.8 X Max. Rating 
See Fia. 16 



Gate-to-Source Charge 

ALL 

- 

18 

- 

nC 



Gate-to-Drain ("Miller") Charge 

ALL 

- 

62 

- 

nC 

(Independent of operating temperature) 

tdton) 

Turn-On Delay Time 

ALL 

- 

23 

35 

ns 

Vdd = 250V, Id « 21A, Rq = 4.30 

tr 

Rise Time 

ALL 

- 

81 

120 

ns 

Rd = 120 


tdtoff) 

Turn-Off Delay Time 

ALL 

- 

85 

130 

ns 

See Fig. 15 


tf 

Fall Time 

ALL 

- 

65 

98 

ns 

(Independent of operating temperature) 

l-D 

Internal Drain Inductance 

ALL 


5.0 


nH 

Measured from the drain 
lead, 6 mm (0.25 in.) from 
package to center of die 

Modified MOSFET symbol 
showing the internal 
inductances 

LS 

Internal Source Inductance 

ALL 


13 


nH 

Measured from the source 
lead, 6 mm (0.25 in.) from 
package to source bonding 
pad 

Ciss 

Input Capacitance 

ALL 

- 

4100 

- 

pF 

Vqs = OV, Vds = 25v 


Cqss 

Output Capacitance 

ALL 

- 

480 

- 

pF 

f = 1.0 MHz 


Crss 

Reverse Transfer Capacitance 

ALL 

- 

84 

- 

pF 

See Fig. 10 


BthJC 

Junction-to-Case 

ALL 

" - ’ 


0.50 

“C/W 


BthCS 

Case-to-Sink 

ALL 

- 

0.10 

j 

°C/W 

Mounting surface flat, smooth, and greased 

BthJA 

Junction-to^mbient 

ALL 

- 

- 

30 

°c/w 

Free air operation 

Mounting Torque 

ALL 

- 

- 

10 

in. • lbs- 

Standard 6-32 screw 


@ Repetitive Rating; Pulse width limited by ( 3 ) Pulse width < ^ ns: Duty Cycle <2% 

maximum junction temperature (see figure 5) 

Refer to current HEXFET reliability report 

® @ Vqd = BOV, Starting Tj = 25°C, 

L = 4.3 mH. Rq = 250, 

Raak II = 20A, See Fig. 14. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Parameter 

Type 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

I 5 Continuous Source Current 

(Body Diode) 

ALL 

- 

- 

20 

A 

Modified MOSFET symbol showing the integral 
Reverse p-n junction rectifier ^ 

c 

\ 

■J 

•SM Pulsed Source Current 

(Body Diode) ® 

ALL 


~ 

80 

A 

VsD Diode Forward Voltage (D 

ALL 

- 

- 

1.8 

V 

Tj = 25‘>C, Is = 21A, Vqs = OV 

t^r Reverse Recovery Time 

ALL 

280 

580 

1200 

ns 

Tj = 25°C, Ip = 21A, di)dt = 100 A/^ 

Qrr Reverse Recovery Charge 

ALL 

3.8 

8.1 

18 

_i 

ton Forward Turn-On Time 

ALL 

intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld 
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DRAIN CURRENT (AMPERES) Iq. DRAIN CURRENT (AMPERES) 


IRFP460, IRFP462 


V 16 

. ov 


80h5 

PUL 

SE T 

EST 

1 



I 







1 



1 








_ 


1 








r- j 

V — 

1 









1 










l— 










1 










r 

_ 

_ 1 





Vr,c=5.0V1 

1 



















v^ 








— 

-4.C 


0 E'.""'r""' ti, : —i, "i "t ar::-",i - . : , -y jmri 

0 50 100 150 200 250 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 



Vq2. GATE-TO-SOURCE voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 



Vq3. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 


4 



92GS-44232 


Fig. 4 - Maximum safe operating area. 



'!■ 


RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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Fig. 10 - Typical 



















IRFP460, IRFP462 



Ig. DRAIN CURRENT (AMPERES) 



Fig. 12 - Typical on-resistance vs. drain current. 


Fig. 13 - Maximum drain current vs. case temperature. 


Vos 


VARY tp TO OBTAIN 
REQUIRED PEAK II 


“IFFL 



Vos 


Vqd 


Fig. 14a - Undamped inductive test circuit. 


Fig. 14b - Undamped inductive waveforms. 




Fig. 15a - Switching time test circuit. 



Fig. 16a - Basic gate charge waveform. 


Fig. 15b - Switching time waveforms. 



RESISTOR RESISTOR 


Fig. 16b - Gate charge test circuit. 
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Features 

• 6.8A, 5.9A and 600V 

• ''DS(ON) = and 1.60 

• Isolated Central Mounting Hole 

• Repetitive Avalanche Ratings 

• Simple Drive Requirements 

• Ease of Paralleling 

Description 

The IRFPC40R and IRFPC42R are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are n-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRFPC types are supplied in the JEDEC TO-247 plastic 
package. 


IRFPC40R 

IRFPC42R 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 




iRFPC40R 

IRFPC42R 

UNITS 

Continuous Drain Current 

Tc = +25OC. 

. Id 

6.8 

5.9 

A 

Tc = +100OC. 

. Id 

4.3 

3.7 

A 

Pulsed Drain Current (2). 

.Idm 

27 

24 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

w/oc 

Single Pulse Avalanche Energy Rating (3). 

(See Figure 14) 


410 

410 

mJ 

Operating and Storage Junction. 

Temperature Range 

.TJ.TSTG 

-55 to+150 

-55 to+150 

OC 

NOTES: 

1 . Pulse Test: Pulse width _< 300ns, Duty Cycle < 2% 

3. Vdd * 50V, start Tj = +25«>C, L 

= 16mH, Rq = 250. 

Peak II *= 


2 . Repetitive Rating: Pulse width limited by max, junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications IRFPC40R, IRFPC40R 

Electrical Characteristics Tc = 250C, Unless Otherwise Specified 



CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 
Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 1) 
IRFPC40R 


IRFPC42R 


Static Drain-Source On-State 
Resistance (Note 1) 
IRFPC40R 


IRFPC42R 


Forward Transconductance (Note 1) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


TEST CONDITIONS 


BVdSS Vgs = 0V,Id = 250mA 


VdS = VgS. lD = 250pA 


•GSS VGS = 20V 


IGSS Vgs = -20V 


loss Vps = Max Rating, Vgs = QV _ 

VpS = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


'D(ON) Vos > ID(ON) x rDS(ON) Max» Vgs = 10 V 


rDS(ON) Vgs = 10 V, Id = 3.7A 


Ids = 3.7a, Vos > 100V 


Vgs = OV, VdS = 25V,f = 1 .OMHz 
S ee Figure 10 


Vdd = 200V, Id = 6 .2 A, Rg = 9-1 ^ 
Rp = 470. (Independent of operating 
temperature) See Figure 15. 


Vgs = 10V, Ip = 6.2A, Vds = 0.6V X Max 
Rating. See Figure 16 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from 
the drain lead, 
6 mm (0.25”) 
from package 
to center of 
die. 


Measured from the 
source lead, 6mm 
(0.25”) from package 
to source bonding 
pad. 


R0JC 


B0CS Mounting surface flat, smooth and greased 


R0JA ail' operation 






1.2 

n 

1.6 

n 



OC/W 


oc/W 


30 I oC/W 



Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

'S 

Pulse Source Current 
(Body Diode) (Note 1) 

Ism 

Diode Forward Voltage (Note 3) 

VSD 

Reverse Recovery Time 

Vr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

IQN 


Tj = +250C, Is = 6.2A, Vgs = OV 


Tj = +250C, Ip = 6.2A, dip/dt = 10OA/ps 


Tj = +250C, Ip = 6.2 A, dIp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp- 



NOTES: 

1. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2% 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


3. Vqd = 50V, Start Tj = +250C, L = 16mH, Rqs = 250, Ip^AK “ 6-8A 
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THERMAL RESPONSE (Zt^jc) 


/RFPC40R, IRFPC42R 



Fig. 1 - Typical Output Characteristics 



Fig. 2 - Typical Transfer Characteristics 



V^g. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



Vds. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92CS-43142 


Fig. 3 - Typical Saturation Characteristics 


Fig. 4 - Maximum Safe Operating Area 



Fig. 5 - Maximum Effective Transient Thermal Impedance, Junction-to-Case Vs. Pulse Duration 







































































Ros(on)- DRAIN-TO-SOURCE ON RESISTANCE 


IRFPC40R, IRFPC42R 



Fig. 12 - Typical On-Resistance Vs. Drain Current 


Vos 



Fig. 14a - Undamped Inductive Test Circuit 


BVOSS 



Fig. 14b - Undamped Inductive Waveforms 



Fig. 15a - Switching Time Test Circuit 



Fig. 13 - Maximum Drain Current Vs. Case Temperature 



STARTING Tj. JUNCTION TEMPERATURE ( °C) 


Fig. 14c - Maximum Avalanche Energy Vs. Starting 
Junction Temperature 





Fig. 15b - Switching Time Waveforms 
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^ HARRIS IRFPG40 

IRFPG42 

High Voltage N-Channel Enhancement 
August 1991 Mode Power Field Effect Transistor 


Features 

• IRFPG40: 4.3A, 1000V, rosCON) = S-SH 

• IRFPG42: 3.9A, 1000V, rDS(ON) = 4.2n 

• UlS SOA Rating Curve (Single Pulse) 

• - 550 c to ISO^C Operating and Storage Temperature 

Description 


Package 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 



The IRFPG40 and IRFPG42 are n-channel enhancement 
mode silicon-gate power field effect transistors. They are 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFPG40 and IRFPG42 are supplied in the JEDEC 
TO-247 plastic package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 




IRFPG40 

IRFPG42 

UNITS 

Drain-Souce.... 

.Vdss 

1000 

1000 

V 

Drain-Gate. 

.Vdgr 

1000 

1000 

V 

Continuous Drain Current. 

. Id 

4.3 

3.9 

A 

Pulsed Drain Current. 

.'dm 

17 

16 

A 

Gate-Source Voltage .. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = 250C. 

.Pd 

150 

150 

W 

Derate Above Tc = 250C. 


0.83 

0.83 

W/OC 

Single Pulse Avalanche Energy Rating . 


490 

490 

mJ 

(See Figure 13) 

Operating and Storage Junction. 

.Tj,TstG 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper l,C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFPG40, IRFPG42 


Electrical Characteristics (Tc = 25 OC), Unless Otherwise Specified 





LIMITS 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

MIN 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BV0SS 

Id = 0.25mA, Vgs = OV 

1000 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VgS = VdS» ^D = 0.25mA 

2.0 

4.0 

V 

Zero Gate Voltage Drain Current 

•dss 

vgs = ov 

- 


mA 



Vds = 10OOV Tc = 2 50 c 

- 

250 

VA 



Vds = 800V Tc = 150OC 

- 

1000 

mA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V 

- 

±500 

nA 

On Resistance 

>'DS(ON) 

Id = 2.5A,Vgs = 10V 




IRFPG40 




3.5 

n 

IRFPG42 




4.2 

n 

Forward Transconductance 

gfs 

Id = 2.5A,Vds=100V 


- 

s 

Turn-On Delay Time 

fd{ON) 

Vdd = 500V, I = 3.9A 

- 

30 

ns 

Rise Time 

tr 

RG=9.in 

- 

50 

ns 

Turn-Off Delay Time 

td(OFF) 

RD = 120n 

- 

170 

ns 

Fall Time 

tf 

See Figure 14 

- 

50 

ns 

Total Gate Charge 

°g 

Id = 3.9A, Vds = 800V, Vgs = 10V 

- 

120 

nC 

Thermal Resistance Junction to Case 

R0JC 


- 

0.83 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 


- 

40 

OC/W 


Source>Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Forward Voltage 

VSD 

•SD = 4.3A 

- 

1.8 

V 

Reverse Recovery Time 

Vr 

Ip = 3.9A, d|p/dT =100 A/jis 

- 

1000 

ns 
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IRFPG40, IRFPG42 


Pulse Durat i on=250us, DuIli C.L)cle=22f. Tc=25°C 


Pulse Width=250us. Dutu Cue Ie 2? 



100 200 300 400 500 

DRflIN-TO-SOURCE VOLTflSE - V 


Figure 1 - Typical output characteristics. 





2 4 6 

GRTE-TD-SOURCE VOLTAGE - V 

Figure 2 - Typical transfer characteristics. 







Vas=6V 







1 





Vq8=5V 






1 






f 




Vgs'=4V 


10 20 30 40 50 

DRAIN-TO-SOURCE VOLTAGE - V 


CASE TEMPERATURE - 26“C 



10 100 1000 
DRAIN-TO-SOURCE VOLTAGE - V 


Figure 3 - Typical saturation characteristics. 


Figure 4 - Maximum safe operating area. 
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25 50 75 100 125 150 

CASE TEMPERATURE - C 


0 12 3 4 5 

DRAIN CURRENT - A 


Figure 5 - Power vs. temperature derating curve. 


Figure 6 - Typical forward transconductance. 
























GflTE-TO-SOURCE VOLTBGE - V DRflIN-TO-SOURCE ON RESISTANCE REVERSE DRAIN CURRENT 

NORMALIZED o - o 




0.0 0.3 0.6 0.9 1.2 1.5 

SOURCE-TO-DRAIN VOLTAGE - V 


-20 0 20 40 60 80 100 120 140 

JUNCTION TEMPERATURE - °C 


’igure 7 - Typical source-to-drain diode forward voltage. 


Figure 8 - Breakdown voltage vs. temperature. 


FREQUENCY»lMHz 




-50 -25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE - °C 


10 too 

DRAIN-TO-SOURCE VOLTAGE - V 


Figure 9 - Normalized drain-to-source on resistance. 


Figure 10 - Typical capacitance vs. voltage. 
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IRFPG40, IRFPG42 



0.01 0.10 1.00 10.00 


TIME IN flVRLflNCHE - ms 

Figure 13 - Undamped inductive switching SOA. Figure 14 - Switching time test circuit 
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SEMICONDUCTOR 


January 1994 


Features 

. 4.7A, 100V 

• *’DS(0N) “ 0.54Q 

• Single Pulse Avalanche Energy Rated 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +175®C Operating Temperature 

Description 

The IRFR110 and IRFU110 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of 
energy in the breakdown avalanche mode of operation. 
These advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching convert¬ 
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 

The IRFU110 is supplied in the JEDEC TO-251AA plastic 
package and the IRFR110 in the JEDEC TO-252AA plastic 
package. 


IRFR110 

IRFU110 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Packages 


JEDEC TO-251AA 

TOP VIEW 



SOURCE 

DRAIN 

GATE 


JEDEC TO-252AA 

TOP VIEW 


SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 


u 




Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFR110, IRFU110 

UNITS 

Drain-Source Voltage (1). 

• • Vqs 

100 

V 

Drain-Gate Voltage. 

• • Vdgr 

100 

V 

Continuous Drain Current 




Tc = +25°C. 

.. b 

4.7 

A 

Tc = +100°C. 

.. b 

3.3 

A 

Pulsed Drain Current (2).. 

• • bM 

17 

A 

Gate-Source Voltage. 

• • Vqs 

±20 

V 

Maximum Power Dissipation. 

..Pd 

30 

W 

Linear Derating Factor. 


0.2 

W/°C 

Single Pulse Avalanche Rating (3) (See Fig. 14). 

■ • ^as 

19 

mj 

Operating and Storage Temperature. 

• • L> ^STG 

-55 to+175 

OQ 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

•Tl 

300 


NOTES: 




1. Tj = +25°Cto+150°C. 




2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 5) 

3. Vdd = 25V, Starting Tj = +25°C. L = 1.3mH, Rq = 250, Peak 1 l = 4.7A. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1994 ^ c^q 
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Specifications iRFRIlO, IRFU110 


Electrical Characteristics Tc = +25°C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain>Source Breakdown Voltage 


Gate Threshold Voltage 


Gate-Source Leakage Current 


Zero Gate Voltage Drain Current 


On-State Drain Current 


Oh Resistance (Note 1) 


Forward TranscondUctance (Note 1) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Tinie 


Rise Time 


Turn-Off belay Time 


Fall Time 


Total Gate Charge 


Gate-Source Charge 


Gate-Drain (“Miller*) Charge 


internal Drain inductance 


Internal Source inductance 


Junction to Case 


Case-to-Sink 


Junction to Ambient 


SYMBOL 


BVoss 


Vqscth) 


GSS 


OSS 


TEST CONDITIONS 


Id = 250pA,Vgs = 0V 


Vqs = Vqs, Iq = 250pA 


'gs = ±20V 


Ds= 100V, Vqs = 0V 




Vqs > •d(ON) X rDS(ON)Max» Vqs = 10V 


= 3.3A,Vgs = 10V 


Ds = ^ 50V, Iqs = 3.3A 


Vgs = OV, Vds = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 50V, Id = 5.6A, Rg = 240, Rq = 9.ia See 
Figure 15 (MOSFET switching times are essen¬ 
tially independent of operating temperature) 


Vgs = 10V, Iq = 5.6A, Vqs = 0.8 x Max Rating. 
See Figure 16 (Gate charge is essentially inde¬ 
pendent of operating temperature) 


Measured from the 
drain lead, 6mm 
(0.25*) from package 
to center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Rees I Mounting surface flat, smooth and greased 


l^eJA P*"®® 3**' operation 




500 

nA 

250 

pA 

1000 

pA 



Source^Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET _ > 

symbol showing the ^ 

I 

■ 

■ 

H 

■ 

Pulse Source Current (Body Diode) 
(Note 2) 

■ 

integral reverse P-N f i h— 



17 

■ 


Diode Forward Voltage (Note 1) 


Tj ? +25°C, Is = 4.7A, Vqs = OV 

- 

- 

2.5 

V 

Reverse Recovery Time 

Vr 


46 

96 

200 

ns 

Reverse Recovery Charge 

Qrr 

Tj = +25®C, Is = 5.6A, dlp/dt = lOOA/ps 

0.17 

0.38 

0.83 

pC 

Forward Turn-on Time 

Ion 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lq. 


NOTES: 1. Pulse Test: Pulse width < SOOps. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 
Duty Cycle ^2% See Transient Thermal Impedance Curve (Figure 5). 














































































































































IRFR110, IRFU110 


Performance Curves 
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Vqs. DRAIN-TO-SOURCE V 

0 4 

OUTAGE 

0 50 

VOLTS) 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


10 



Vgg. GATE-TO-SOURCE VOLTAGE tVOLTS) 

FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 



FIGURE 3. TYPICAL SATURATION CHARACTERISTICS FIGURE 4. MAXIMUM SAFE OPERATING AREA 



RECTANGULAR PULSE DURATION (SECONDS) 


FIGURE 5. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPEDANCE, JUNCTION-TO-CASE vs PULSE DURATION 
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IRFR110, IRFU110 


Performance Curves (Continued) 



Iq, drain current (AMPERESI 


VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


FIGURE 6. TYPICAL TRANSCONDUCTANCE vs DRAIN CUR¬ 
RENT 


FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



Tj. JUNCTION TEMPERATURE ( °C) 

FIGURE 8 BREAKDOWN vs TEMPERATURE 



-60 -40 -20 0 20 40 60 80 100 120 140 160 ISO 

T .. JUNCTION TEMPERATURE ( °C) 


FIGURE 9. NORMALIZED ON-RESISTANCE vs TEMPERATURE 


-Ciss * SHORTED 

•'rss “ ^gd 

^oss ■ ^ds * ^gs ^gd' 

“ Cos + Cgd 


V^g. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

FIGURE 10. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 



TOTAL GATE CHARGE (nC) 


FIGURE 11. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE 
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IRFR110, IRFU110 
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IBFR1 

Performame Curves (CenumMd) 




FIGURE 16a. BASIC GATE CHARGE WAVEFORMS 


),mFuiio 



FIGURE 15b. SWITCHING TIME WAVEFORMS 


+Vds 



FIGURE 16. GATE CHARGE TEST CIRCUIT 
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HARRIS 


IRFR120/IRFR121 

IRFU120/IRFU121 


August 1991 


N“Channel Power MOSFETs 
Avalanche-Energy-Rated 


Features 

• 8.4A, 80V and 100V 

• roSCon) = 0.27fl 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Packages 


TO-251AA 
TOP VIEW 



TO-252AA 
TOP VIEW 


Description 

The IRFR120, IRFR121, IRFU120, IRFU121 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are n-channel 
enhancement-mode silicon gate power field-effect 
transistors designed for applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR120 is IRF120, IRFR121 is IFR121, IRFU120 Is 
IFU120and IRFU121 is IFU121. 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 




Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 

Gate-Source Voltage, Vqs . ± 20 V 

Continuous Drain Current, Ip 

Tc = 250C.8.4A 

Tc = 100OC.5.9A 

Pulsed Drain Current (1), Iqm.34A 

Single-Pulse Avalanche Energy Rating (2), E/\S.36mJ 

(See Figure 14) 

Maximum Power Dissipation, Pp.SOW 

Linear Derating Factor.0.4W/OC 

Operating and Storage Junction 

Temperature Range, TjjTstg .-55 to+1750C 

Maximum Lead Temperature for Soldering, Tl.SOQOC 

(0.063" (1.6mm) from case for 10s) 


1. Repetitive Rating: Pulse width limited by max. junction temperature. See 3. Pulse Test: Pulse width < SOOps, Duty Cycle < 2% 
Transient Thermal impedance Curve (Figure 5) . 


2. Vqd = 25V. Start Tj = +250C. L = TTOpH, Rq = 25n, Peak II = 8.4A 
(See Figures 14 and 15) 


4. Mounting pad must cover heatsink surface area. See Packages. 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFR120, IRFRf21. IRFU120, IRFU121 

ELECTRICAL CHARACTERISTICS, At Tj = 25° C (Unless Otherwise Specified) 


CHARACTERISTIC 

TYPE 

Qm 

mg 

[jgj 

UNITS 

TEST CONDITIONS 

BVoss Drain-to-Source Breakdown 

Voltage 

IRFR120 

IRFU120 

100 

- 

- 

V 

Vgs = 0 V, Id = 250 M 

IRFR121 

IRFU121 

80 

RDs(on) Static Drain-to-Source 

On-State Resistance 0 

ALL 

—m— 

0.25 

0.27 



lofon) On-State Drain Current 0 

ALL 

■ 



■ 

Vds > iD(on) X RDs(on) Max. 

Vgs = 10 V 

Vo8(th) Gate Threshold Voltage 

ALL 

lyUI 

- 

EB 

V 

Vds - Vgs. Id - 250 /jA • 


ALL 

wm 

wm 

- 

S(u) 

Vds > 50 V, Ids = 5.9 A 

loss Zero-Gate Voltage Drain Current 

ALL 

- 


mg 

fjA 

Vds = Max. Rating, Vgs = 0 V 

- 

■ 

1000 



ALL 

— 

— 



Vgs = 20 V | 


ALL 

- 

- 

-500 


Qg Total Gate Charge 

ALL 

- 

EB 

EB 

nC 

Vgs = 10 V, Id = 8.4 A 

Vds = 0.8 x Max. Rating 

See Fig. 16. (Independent of operating temperature) 

Qg. Gate-to-Source Charge 

ALL 

— 

ggi 

mi 

Qgd Gate-to-Drain (“Miller”) Charge 


- 


ESE 

td(on) Turn-On Delay Time 

ALL 

- 

EB 

13 

ns 

Vdd = 50 V, Id « 8.4 A, Rg = 18 0 

Rd = 5.1 n 

See Fig. 15 

(Independent of operating temperature) 

tr Rise Time 

ALL 

- 


EB 

td(off) Turn-Off Delay Time 

ALL 

- 

EB 

wm 

tf Fall Time 

ALL 

- 

imi 

mil 

Ld Internal Drain Inductance 

ALL 


i 

1 


Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

Ls Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 

Ciss Input Capacitance 

ALL 

- 

mg 

iggi 


Vgs = 0 V, Vds = 25 V 

f = 1.0 MHz 

See Fig. 10 


ALL 

- 

imi 

WSM 

j Ct»8 Reverse T ransfer Capacitance 


— 

lEI 

IHI 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TYPE 


mg 

[523I 

UNITS 

TEST CONDITIONS 

Is Continuous Source Current 

(Body Diode) 

ALL 

- 

- 

8.4 

A 

Modified MOSFET symbol showing 

the integral reverse _ ? 

p-n junction rectifier. (jl^V 

S 

Ism Pulsed Source Current 

(Body Diode) 0 

ALL 

- 

- 

34 

VsD Diode Forward Voltage 0 

ALL 

- 

- 

sm 

V 

Tj = 25°C, Is = 8.4 A, Vgs = 0 V 

trr Reverse Recovery Time 

ALL 



gg 

ns 

Tj = 25° C, If = 8.4 A, di/dt = 100 A//js 

Qrr Reverse Recovery Charge 

ALL 

^1 


HE 

fjiC 

ton Forward Turn-On Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. | 


THERMAL RESISTANCE 



Junction-to-Case 

ALL 

- 

- 

3.0 




Case-to-Sink 

ALL 

- 

1.7 

- 

°c/w 

Typical solder mount 0 


Junction-to-Ambient 

ALL 

- 

- 

110 


Typical socket mount 


(?) Repetitive Rating: Pulse width limited by 0 Pulse Width < 300 /us; Duty Cycle < 2%. 0 Mounting pad must cover heatsink surface 

maximum junction temperature (see Fig. 5). area. See Case Style drawing on front page. 


0 At Vdd = 25 V, Starting Tj = 25° C, 

L = 770 Rg = 25 0, Peak k = 8.4 A. 
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DRAIN CURRENT (AMPERES) I DRAIN CURRENT (AMPERES) 


IRFR120, mFR121, IRFU120, IRFU121 

The information shown on the foiiowing graphs appiies aiso to the IRFU devices. 



Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 1 - Typical output characteristics. 



Vqs. drain-to-source voltage (Volts) 


Fig. 3 - Typical saturation characteristics. 



Fig. 2 - Typical transfer characteristics. 



V^sDRAtN TO SOURCE VOLTAGE (VOLTS) 


Fig. 4 - Maximum safe operating area. 



t^. RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal Impedance, junction-to-case vs. pulse duration. 
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IRFR120. IRFR121. IRFU120, IRFU121 



Fig. 6 - Typical transconductance i/s. drain current. 



Vs0. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


Fig. 7 - Typical source-drain diode forward voltage. 




Fig. 9 - Normalized on-resistance vs. temperature. 




Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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RqS (on). DRAIN-TO-SOURCE ON RESISTANCE 



unclatnped inductive waveforms 



Fig. 15b — switching time waveforms 





.JZIE” 


J6 ^ *0 

CUmm CUMENT 

A^STQR RESISTOR 


7g. 16a — Basic gate charge waveform 


Fig. 16b ^ Gate charge test circuit 
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IRFR214 

IRFU214 

N-Channel Power MOSFETs 
Avalanche Energy Rated 


Features 

• 2.2A,250V 

• '■DS<on) = 2.0Q 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

• +150®C Operating Temperature 

Description 

The IRFR214 and IRFU214 (TA17443) are n-channel enhance¬ 
ment-mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These advanced 
power MOSFETs are designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. These transistors 
can be operated directly from integrated circuits. 

The IRFU214 is supplied in the JEDEC TO-251AA plastic package 
and the IRFR214 in the JEDEC TO-252AA plastic package. 


Package 


TO-251AA 

TOP VIEW 



TO-252AA 
TOP VIEW 



Absolute Maximum Ratings (Ic = + 25 X), unless otherwise Specified 


IRFR214, IRFU214 


Drain-Source Voltage (1). Vqs 250 

Drain Gate Voltage. Vqqr 250 

Continuous Drain Current 

Tc = +25°C. Id 2.2 

Tc = +100°C. Id 1.4 

Pulsed Drain Current (2). Idm 8.8 

Gate-Source Voltage. Vqs ±20 

Maximum Power Dissipation. Pd 25 

Linear Derating Factor. 0.20 

Single Pulse Avalanche Rating (3) (See Fig. 12).E^s 61 

Operating and Storage Temperature.Tj, Tsjg -55 to +150 

Maximum Lead Temperature for Soldering. Tl 300 

(0.063“ (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25°Gto+150°C. 

2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. 

3. Vdd = 50V, Starting Tj = +25°C, L = 21 mH, Rq = 25Q, Peak II = 2.2A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1992 . 
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Specifications IRFR214, iRFU214 


Electrical Characteristics Tq = +25°C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Gate-Source Leakage Current 


Zero Gate Voltage Drain Current 


On Resistance (Note 1) 


Forward Transconductance (Note 1) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 



Total Gate Charge 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction to Case 


Case-to-Sink 


Junction to Ambient 


TEST CONDITIONS 


Id = 250pA. Vqs = OV 


Vgs = Vds. Id = 250hA 


Vgs = ±20V 


ds = 250V,Vgs = 0V 


Vds = 200V, Vgs = OV, Tj = +125°C 


= 1.3A,Vgs=10V 


DS = 50V, Ids = 1.3A 


Vgs = OV, Vps = 25V, f = 1 .OMHz 
See Figure 10 


Vdd = 125V, Id=2.7A, Rg=240, Rd = 450, See 
Figure 15 (MOSFET switching times are essen¬ 
tially independent of operating temperature) 


Vgs = OV, Id = 2.7A Vds = 0-8 x Max Rating. 
See Figure 16 for test circuit (Gate charge is es¬ 
sentially independent of operating temperature) 


Measured from the 
drain lead, 6mm 
(0.25”) from package 
to center of die. 


Measured from the 
source lead, 6mm 
(0.25") from header 
and source bonding 
pad. 


Rees Mounting surface flat, smooth and greased 


Rgja f^ree air operation 




Source-Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _< 

symbol showing the ^ 

sl 

■ 

■ 

2.2 

■ 

Pulse Source Current (Body Diode) 

mm 

integral reverse P-N ^ / 1 




8.8 


(Note 2) 

m 


9 

■ 

■ 


■ 

Diode Forward Voltage (Note 1) 

■Bl 

Tj = +25”C, Isd = 25A,Vgs = 0V 

- 

- 

2.0 

V 

Reverse Recovery Time 

Vr 

Tj = +25°C, IsD = 2.7A, dlgo/dt = lOOA/ps 

97 

- 

390 

ns 

Reverse Recovery Charge 

Qrr 

Tj = -l■25°C, IsD = 2.7A, dlsp/dt = lOOA/ps 

0.32 

■ 

1.3 

pC 

Forward Turn-on Time 

foN 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. 


NOTES: 1. Pulse Test: Pulse width < 300ps. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 

Duty Cycle < 2% See Transient Thermal Impedance Curve (Figure 11). 



































































































































IRFR214, IRFU214 
























































IRFR214, IRFU214 
































































IRFR214, IRFU214 
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IRFR220/221/222 
IRFU220/221/222 

N-Channei Power MOSFETs 
Avalanche-Energy-Rated 


Features 

• 3.8A and 4.6A, 150V and 200V 

• rDS(on) = 0,80n and ^.2C^ 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Packages 


TO-251AA 
TOP VIEW 


DRAIN 

TAB' 


13 SOURCE 
DRAIN 
I^GATE 


TO-252AA 
TOP VIEW 


Description 

The IRFR220, IRFR221, IRFR222, IRFU220, IRFU221 and 
IRFU222 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR220 is IRF220, IRFR221 is IFR221, IRFR222 is 
IRF222, IRFU220 is IFU220 and IRFU221 is IFU221, 
IRFU222 is IFU222. 


DRAIN 

TAB“ 



03 SOURCE 
□ DRAIN 
Oogate 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 


Continuous Drain Current 

Tc = 250C. Id 

Tc = 100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = 250C. Pd 

Linear Derating Factor.. 

Single Pulse Avalanche Energy Rating (2).E^s 

Operating and Storage Junction. Tj.TstG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFR220/221 

IRFR222 


IRFU220/221 

IRFU222 

UNITS 

4.6 

3.8 

A 

2.9 

2.4 

A 

18 

15 

A 

±20 

±20 

V 

50 

50 

W 

0.4 

0.4 

W/OC 

85 

85 

mj 

-55 to +150 

-55 to+150 

oc 

300 

300 

OC 


NOTES; 

1. Pulse Test: Pulse width < SOOfis, Duty Cycle <2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. Vdd = 1 0V, Start Tj = +250C, L = 6.18mH, Rq = SOP, Peak II = 4.6A 



CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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IRFR220, /RFR22L IRFR222, IRFU220. IRFU221, IRFU222 


ELECTRICAL CHARACTERISTICS, At Tj = 25°C (Unless Otherwise Specified) 


CHARACTERISTIC 

TYPE 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

BVdss Drain-to-Source Breakdown 

Voltage 

IRFR221 

IRFU221 

150 

- 

- 

V 

Vos = 0 V. Id = 250 fjA 

IRFR220 

IRFR222 

IRFU220 

IRFU222 

200 

- 


Ros(on) Static Drain-to-Source 

On-State Resistance 0 

IRFR220 

IRFR221 

IRFU220 

IRFU221 

- 

0.47 

0.80 

n 

Vo8= 10 V, Id = 2.4 A 

IRFR222 

IRFU222 

- 

0.80 

1.2 

lo(on) On-State Drain Current 0 

IRFR220 

IRFR221 

IRFU220 

IRFU221 

4.6 

- 

- 

A 

Vds > lolon) X Ros(on) Max. 

Vos= 10 V 

IRFR222 

IRFU222 

3.8 

Vos(th) Gate Threshold Voltage 

ALL 

2.0 

- 

4.0 

V 

Vds = Vqs, lo = 250 fjA 

gu Forward Transconductance 0 

ALL 

1.7 

2.6 


s (U) 

Vds > 60 V. Ids = 2.4 A 

loss Zero-Gate Voltage Drain Current 

ALL 

- 

- 

250 

fjA 

Vds = Max. Rating. Vos = 0 V 

- 

- 

1000 

Vds = 0.8 x Max. Rating 

Va 5 = 0V. Tj= 125®C 

loss Gate-to-Source Leakage Forward 

ALL 


- 

500 

nA 

Vos = 20 V 

Vos = -20 V 

loss Gate-to-Source Leakage Reverse 

ALL 

- 

- 

-500 

Qo Total Gate Charge 

ALL 


12 

18 

nC 

Vos= 10 V. Id = 4.6 A 

Vds = 0.8 X Max. Rating 

See Fig. 16. (Independent of operating temperature) 

Qot Gate-to-Source Charge 

ALL 

~ 

2.3 

3.4 

Ofld Gate-to-Drain ("Miller") Charge 


- 

4.5 

6.8 

t«{on) Turn-On Delay Time 

ALL 


8.8 

13 

ns 

Vdd = 100 V. Id 4.6 A. Ro = 18 0 

Ro= 18 0 

See Fig. 15 

(Independent of operating temperature) 

t, Rise Time 

ALL 

- 

27 

41 

td(off) Turn-Off Delay Time 

ALL 

_ 

21 

32 

tt Fall Time 

ALL 

- 

14 

21 

Lo Internal Drain Inductance 

ALL 

1 

1 

1 

nH 

Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

0 

• 

Ls internal Source Inductance 

ALL 


7.5 


nH 

Measured from the source 
lead. 6mm (0.25 in.) from 
package to source bonding 
pad. 

Cm Input Capacitance 

ALL 

- 

IgjU 

- 


Vos = 0 V. Vds = 25 V 

f = 1.0 MHz 

See Fig. 10 

Com Output Capacitance 


Bi 


- 

Cr»« Reverse Transfer Capacitance 



■■ 

Bi 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TYPE 

ESffil 

mi 


mmnm 

TEST CONDITIONS 

is Continuous Source Current 

(Body Diode) 

ALL 

1 

■ 

■ 

1 


Ism Pulsed Source Current 

(Body Diode) 

ALL 

■ 

■ 

18 

VsD Diode Forward Voltage (J) 

ALL 

- 

- 

1.8 

V 

Tj=25®C. 18 = 4.6 A, Vos = 0V 

t,r Reverse Recovery Time 

ALL 

69 

170 

400 

ns 

Tj = 25®C. If = 4.6 A. di/dt = 100 A///S 

Q«b Reverse Recovery Charge 

ALL 

0.30 

0.72 

1.8 

/iC 

ton Forward Turn-On Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. | 


THERMAL RESISTANCE 



Junction-to-Case 

ALL 

- 

- 

2.5 



Bfics 

Case-to-Sink 

ALL 

- 

1.7 

■1 

®c/w 

Typical solder mount 0 


Junction-to-Ambient 

ALL 

- 

- 



Typical socket mount 


Pulse Width < 300 /«; Duty Cycle < 2%. (T) Vdd = 10 V, Starting Tj = 25® C, 0 Mounting pad must cover heatsink surface 

L = 6.10 mH, Ro = 50 fl. Peak It = 4.6 A. area. See Case Style drawing on front page. 
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DRAIN CURRENT (AMPERES) 


IRFR220, /RFR22 7, IRFR222, IRFU220, IRFU22h IRFU222 


The information shown on the foliowing graphs applies also to the IRFU devices. 



Fig. 1 - Typical output characteristics. Fig. 2 - Typical transfer characteristics. 





1 10 100 1000 


Yds DRAIN TO SOURCE VOLTAGE (VOLTS) 


4 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 
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mFR220, IRFR221, IRFR222, IRFU220, IRFU22h IRFU222 




VgQ. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 


Fig. 6 - Typical transconductance vs. drain current 


Fig. 7 - Typical source-drain diode forward voltage. 




Fig. 9 - Normalized on-resistance vs. temperature. 
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DS(on)- DRAIN-TO-SOURCE ON RESISTANCE 


IRFR220, /RFR221. IRFU220. IRFU221 



Fig. 12 — Typical on-resistance vs. drain current 



T^. CASE TEMPERATURE CO 


Fig. 13 — Maximum drain current vs. case 
temperature 



bvdss 





—Vds 

'l 

— 

\ 



1 " 




Fig. 14b — undamped inductive waveforms 



Fig. 15a — switching time test circuit 





6a — Basic gate charge waveform 


Fig. 16b — Gate charge test circuit 
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IRFR320/321/322 
IRFU320/321/322 

N-Channel Power MOSFETs 
Avalanche-Energy-Rated 


Features 

• 2.6A and 3.1A, 350V and 400V 

• ros(on) = 1-80n and 2.BCL 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Description 

The IRFR320, IRFR321, IRFR322, IRFU320, IRFU321 and 
IRFU322 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in 
the breakdown avalanche mode of operation. These are 
n-channel enhancement-mode silicon gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The IRFU series is supplied in the TO-251AA plastic 
package and the IRFR series is supplied in the TO-252AA 
surface-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR320 is IRF320, IRFR321 is IFR321, IRFR322 is 
IRF322, IRFU320 is IFU320 and IRFU321 is IFU321, 
IRFU322 is IFU322. 


Packages 


IRFU320/321/322 TO-251AA 
TOP VIEW 


DRAIN 

TAB" 



15 SOURCE 
15 DRAIN 
15 GATE 


IRFR320/321/322 TO-252AA 
TOP VIEW 


DRAIN 

TAB" 



SOURCE 
□ DRAIN 
Z^GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C), Unless Otherwise Specified 




IRFU320/321 

IRFU322 




IRFR320/321 

iRFR322 

UNITS 

Continuous Drain Current 





Tc = 250C. 

.Id 

3.1 

2.6 

A 

Tc = 100OC. 

.Id 

2.0 

1.7 

A 

Pulsed Drain Current. 

.Idm 

12 

10 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

V 

Tc = 250C. 

.Pd 

50 

50 

W 

Linear Derating Factor. 


0.4 

0.4 

W/OC 

Single Pulse Avalanche Energy Rating (2). 

.EaS 

190 

190 

mJ 

Operating and Storage Junction. 

.Tj,TstG 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

oc 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Pulse Test: Pulse width < SOOjiS, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. Vdd = 50V, Start Tj = +250C, L = 3.1 mH, Rq = 250, Peak II = 3.1 A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjlg 2412 

Copyright © Harris Corporation 19S1 
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Specifications IRFR320, IRFR32 h IRFR322, IRFU320, IRFU32 h IRFU322 


ELECTRICAL CHARACTERISTICS, At Tj = 25'’C (Unless Otherwise Specified) 


CHARACTERISTIC 





Bimna 

TEST CONDITIONS 

BVoss Drain-to-Source Breakdown 

Voltage 

IRFR321 

IRFU321 




V 

Vos = 0 V. Id = 250 /JS 

IRFR320 

IRFU322 

IRFR320 

IRFU322 




RDs(on) Static Drain-to-Source 

On-State Resistance 0 

IRFR320 

IRFR321 

IRFU320 

IRFU321 





Vgs= 10 V, Id= 1.7 A 

IRFR322 

IRFU322 

■ 

1 

B 

lofon) On-State Drain Current 0 

IRFR320 

IRFU320 

IRFR321 

IRFU321 


1 

1 

1 

Vds > iD(on) X Roslon) Max. 

Vos = 10 V 

IRFR322 

IRFU322 

D 

VGs(th) Gate Threshold Voltage 0 

ALL 

Bl 

- 

la 

'' J 

Vds = Vos. Id = 250 /jA 

gu Forward Transconductance 

ALL 

IB 


- 


Vds >50 V. Ids = 1.7 A 

loss Zero-Gate Voltage Drain Current 



d 

jj^H 

m 

Vds = Max. Rating, Vos = 0 V 

1 

■ 


Vds = 0.8 x Max. Rating 

Vos = 0V, Tj= 125°C 

loss Gate-to-Source Leakage Forward 

ALL_ 

- 

- 

IBSII 

Bl 

Vqs = 20 V 

Vos = -20 V 

loss Gate-to-Source Leakage Reverse 

IQQIII 

- 

- 


Qg Total Gate Charge 

ALL 

- 

■El 


D 

Vos = 10 V. Id = 3.1 A 

Vds = 0.8 X Max. Rating 

See Fig. 16. (Independent of operating temperature) 

Qgs Gate-to-Source Charge 

ALL 

- 



Qgd Gate-to-Drain ("Miller") Charge 


- 


mm 

td(on) Turn-On Delay Time 

ALL 

- 

10 

15 

ns 

Vod = 200 V, Id 3.1 A, Ro = 18 Q 

Rd = 56 Q 

See Fig. 15 

(Independent of operating temperature) 

t, Rise Time 

ALL 

- 

14 

21 

td(off) Turn-Off Delay Time 

ALL 

- 

30 

45 

tf Fall Time 

ALL 

- 

13 

20 

Lo Internal Drain Inductance 

ALL 


4.5 


nH 

Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

Ls Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 

CiM Input Capacitance 

ALL 

- 

350 

- 

pF 

Vos = 0 V. Vos = 25 V 

f = 1.0 MHz 

See Fig. 10 

Coss Output Capacitance 

ALL 

- 

64 

- 

Cm, Reverse Transfer Capacitance 

ALL 

- 

8.1 

- 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 



CHARACTERISTIC 

TYPE 

QQI 



IS3B9i 

TEST CONDITIONS 

Is Continuous Source Current 

(Body Diode) 

ALL 

- 

- 

3.1 

A 

Modified MOSFET symbol showing 

the integral reverse _? 

p-n junction rectifier. (l?^ V 

o 

S 

Ism Pulsed Source Current 

(Body Diode) 

ALL 

- 

- 

12 

VsD Diode Forward Voltage 0 

ALL 

- 

- 

1.6 

V 

Tj = 25°C, Is = 3.1 A. Vqs = 0 V 

trr Reverse Recovery Time 

ALL 

120 

270 

600 

ns 

Tj = 25® C. If = 3.1 A. di/dt = 100 A//js 

Qrr Reverse Recovery Charge 

ALL 

0.64 

1.4 

3.0 

aC 

ton Forward Turn-On Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld. j 


THERMAL RESISTANCE 


Bfiuc 

Junction-to-Case 

ALL 

- 

- 

2.5 



B^s 

Case-to-Sink 

ALL 

- 

1.7 

- 

“C/W 

Typical solder mount 0 


Junction-to-Ambient 

ALL 

- 

- 

110 


Typical socket mount 


0 Pulse Width < 300 a<s; Duty Cycle < 2%. @ Vod = 50 V, Starting Tj = 25®C, 0 Mounting pad must cover heatsink surface 

L = 3.1 mH, Ro = 25 Q, Peak k = 3.1 A. area. See Case Style drawing on front page. 

4-571 


N-CHANNEL 
POWER MOSFETs 










DRAIN CURRENT (AMPERES) Iq- DRAIN CURRENT (AMPERES) 


IRFR320, IRFR321, /RFR322, IRFU320, IRFU321, IRFU322 

The information shown on the foilowing graphs appiies aiso to the IRFU devices. 


Fig. 1 - Typical output characteristics. 



Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 



Vgg. GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 2 - Typical transfer characteristics. 



Fig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 



t^, RECTANGULAR PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFR320, IRFR321, IRFR322, IRFU320, IRFU321, IRFU322 



Fig. 6 - Typical transconductance vs. drain current. 



Fig. 8 - Breakdown voltage vs. temperature. 



VsQ. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

Fig. 7 - Typical source-drain diode forward voltage. 



Tj. JUNCTION TEMPERATURE ( ^C) 



Fig. 9 - Normalized on-resistance vs. temperature. 




Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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^S(on)* DRAIN-TO-SOURCE ON RESISTANCE 


IRFR320, /RFR321. IRFR322. IRFU320. IRFU321, IRFU322 



Fig. 12 — Typical on-resistance vs. drain current 



25 50 75 100 125 150 

Tc CASE TEMPERATURE (DEG ®C) 


Fig. 13 — Maximum drain current vs. case 
temperature 




Fig. 15a — switching time test circuit 




«L 

—*/ 


1 / 


Li_ 


-VdS 

j—— Vdd 


Fig. 14b — undamped inductive waveforms 



Fig. 15b — switching time waveforms 




Fig. 16a — Basic gate charge waveform Fig. 16b — Gate charge test circuit 
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IRFR410 

IRFU410 


September 1992 


1.5A, 500V Avalanche Energy Rated N-Channel 
Enhancement Mode Power MOSFETs 


Features 

• 1.5A,500V 

• ''DS(ON) = 7.0il 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• High Input Impedance 

• +150°C Operating Temperature 

Description 

The IRFR410 and IRFU410 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed, 
tested, and guaranteed to withstand a specified level of 
energy in the breakdown avalanche mode of operation. 
These advanced power MOSFETs are designed for use in 
applications such as switching regulators, switching convert¬ 
ers, motor drivers, relay drivers and drivers for high-power 
bipolar switching transistors requiring high speed and low 
gate-drive power. These transistors can be operated directly 
from integrated circuits. 

The IRFR410 is supplied in the JEDEC TO-252AA plastic 
package and the IRFU410 in the JEDEC TO-251AA plastic 
package. 


Packages 


TO-251AA 

TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-252AA 
TOP VIEW 



JD SOURCE 
] DRAIN 
30 GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +25°C), Unless Otherwise Specified 


IRFR410,IRFU410 

UNITS 

Drain-Source Voltage (1). 

•• Vds 

500 

V 

Continuous Drain Current 




Tc = +25°C. 

.. Id 

1.5 

A 

Tc = -hlOO^C. 

•. Id 

1.2 

A 

Pulsed Drain Current (2). 

• • Idm 

3.0 

A 

Gate-Source Voltage. 

to 

±20 

V 

Maximum Power Dissipation. 

..Pd 

42 

W 

Linear Derating Factor. 


0.33 

W/°C 

Single Pulse Avalanche Rating (3) (See Fig. 13). 

•• Eas 

45 

m] 

Operating and Storage Temperature. 

• • Tj, Tstg 

-55 to+150 

°C 

Maximum Lead Temperature for Soldering. 

(0.063" (1.6mm) from case for 10s) 

..Tl 

300 

°C 

NOTES: 




1. Tj = +25°Cto-i-150°C. 




2. Repetitive rating: Pulse width limited by maximum junction temperature. See Transient Thermal Impedance Curve. (Figure 11) 

3. Vdd = 50V, Starting Tj = +25°C, L = 40mH, Rq = 250, Peak II = 1.5A. 





CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1992 
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Specifications IRFR410, IRFU410 


Electrical Characteristics Tq = +25°C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 

RVdss 

Temperature Coeffecient of Break¬ 
down Voltage 

ABVdss^ 

ATj 

Gate Threshold Voltage 

Vgs(th) 

Gate-Source Leakage Current 

•gss 

Zero Gate Voltage Drain Current 

loss 

On Resistance (Note 1) 

''DS(0N) 

Forward Transconductance (Note 1) 

9fs 

Input Capacitance 

Ciss 

Output Capacitance 

Cqss 

Reverse Transfer Capacitance 

Crss 

Turn-On Delay Time 

kj(ON) 

Rise Time 


Turn-Off Delay Time 

kJ(OFF) 

Fall Time 

tf 

Total Gate Charge 

HSiil 

Gate-Source Charge 

KB 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

■ 

Internal Source Inductance 

1 

Junction to Case 

Rejc 

Case-to-Sink 

Rees 

Junction to Ambient 

ReJA 


TEST CONDITIONS 


Id = 250nA, Vqs = OV 


Reference to +25°C, Iq = 250^lA 


Vgs = Vds, Id = 250mA 


Vgs = ±20V 


Vds = 500V. Vqs = 0V 


Vds = 500V, Vqs = OV, Tj = +125°C 


Id=1.5A,Vgs = 10V 


Vds = 50V. Ids = 0.75A 


Vqs = OV, Vds = 25V, f = 1 .OMHz 
See Figure 5 


Vdd = 250V. Id = 1.5A, Rgs = 24a Rl = 1670, 
See Figures 10 and 12 (MOSFET switching 
times are essentially independent of operating 
temperature) (Note 1) 


Vqs = 10V, Id = 1.5A, Vds = 0.8 x BVpss- See 
Figure 6 (Gate charge is essentially indepen¬ 
dent of operating temperature) (Note 1) 


Measured from the 
drain lead, 6mm 
(0.25”) from package 
to center of die. 


Measured from the 
source lead, 6mm 
(0.25“) from package 
to source bonding 
pad. 


Mounting surface flat, smooth and greased 


Free air operation 



Source-Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET _j 

symbol showing the ^ 

i 

- 

- 

1.5 

H 

Pulse Source Current (Body Diode) 

IsM 

integral reverse P-N ^ / i j—^ 




3.0 


(Note 2) 



9 

■ 

■ 


■ 

Diode Forward Voltage (Note 1) 


Tj = +25°C, IsD = 1.5A, Vgs = OV 

- 

- 

2.0 

V 

Reverse Recovery Time (Note 1) 

Vr 

Tj = +25°C, IsD = 1.5A, dlso/dt = lOOA/ps 

130 


520 

ns 

Forward Turn-on Time 

Ion 

Intrinsic turn-on time is negligible. Turn-on speed Is substantially controlled by Ls + Ld- 


NOTES: 1. Pulse Test: Pulse width < 300ps. 2. Repetitive Rating: Pulse width limited by max. junction temperature. 

Duty Cycle < 2% See Translent Thermal Impedance Curve (Figure 11). 





































































































































CcpDcitcnce CpF) Ip . Drain Current Camps) 


IRFR410, mFU410 


Performance Curves 




250us PULSE WIDTH- 
Tc -25°C 


250us PULSE WIDTH 
Tc - ISO^C 


O.l l.O lO.O lOO.O 500.0 u.i i.u lu.u luu.u duu.u 

Vqs. Droin-to-Source VoI toge CvoI ts) Vpg . Droin-io-Sourc© Voltage Cvolts) 

FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS, Tc = +25®C FIGURE 2. TYPICAL OUTPUT CHARACTERISTICS, Tq = +150°C 















150“C 
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/ 


I 

Vos - 30V 



1 _ 

250ue PULSE W 

IDTH 


4 5 0 7 

Vge . Bate Vo I tags Cvol tsD 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 



-60 - 40 -20 0 20 40 60 80 100 120 140 160 

Tj , Junction Temperature (“CD 

FIGURE 4. NORMALIZED ON>RESISTANCE vs TEMPERATURE 








_ 

— CISS - 





vgs - c 

V. f - 1MHz 


\ 


C|S8- n 

Crss “ 

'as Lgd. C 
Cgd 

de Shorted 



Loss “ 

Lds + Lgd 



— 

— CDSS - 





— CRS5 - 

' T 



5 10 15 20 

Vqs . Drain-to-SourcB Voltage Cvolts) 


FIGURE 5. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 



0 I 2 3 4 5 6 7 B 9 10 11 12 13 14 15 

Qg. Total Bate Charge CnC) 


FIGURE 6. TYPICAL GATE CHARGE vs GATE-TO-SOURCE 
VOLTAGE 
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IRFR410, IRFU410 


Performance Curves (Continued) 




VgQ . Source-io-Drain Voltage 

FIGURE 7. TYPICAL SOURCE-DRAIN DIODE FORWARD 
VOLTAGE 



aasBini iHMiaiiiH 

I MIH S M| IHIHMI 

^ssssiiil! 
"nassra 

===131! 


Draln-to-Source Vo I toga CV) 

FIGURE 8. MAXIMUM SAFE OPERATING AREA 
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FIGURE 9. MAXIMUM DRAIN CURRENT VS CASE TEMPERA- 


FIGURE 10. SWITCHING TIME WAVEFORMS 



■ r. Duty Factor D-t^/tg . 
2. Peak Tj-PomXZbjc+Tc 


t], Rectangular Pulse Duration CsD 

FIGURE 11. MAXIMUM EFFECTIVE TRANSIENT THERMAL 
IMPEDANCE, JUNCTION-TO-CASE 



FIGURE 12. SWITCHING TIME TEST CIRCUIT 


















































IRFR410, IRFU410 


Performance Curves (Continued) 


STRRTING Tj - 25°C 
, STRRTING Tj - 150“C 


tQv-CL)(Ia«)/C1.3 RRTED BVdaa-Vdd) X _— iv- 
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■ tav-CL/R)lnCClQaXR)/C1.D RfiTS) BVd8B-Vdd)+l) X ^ 

0.5' ■ ‘ “ -■-'-‘ ‘ ‘ ‘ 
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tjjy . Time in Rva 1 anche Cme) 

FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 
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FIGURE 14. UNCLAMPED INDUCTIVE SWITCHING CIRCUIT 
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FIGURE 15. UNCLAMPED INDUCTIVE SWITCHING WAVEFORMS 
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m HARRIS IRFR420/421/422 

IRFU420/421/422 

N-Channel Power MOSFETs 
August 1991 Avalanche-Energy-Rated 


Features 

• 2.2A and 2.5A, 450V and 500V 

• i'DS{on) = 3.0ri and 4.on 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 


Description 

The IRFR420, IRFR421, IRFR422, IRFU420, IRFU421 and 
IRFU422 are advanced power MOSFETs designed, tested, 
and guaranteed to withstand a specified level of energy in the 
breakdown avalanche mode of operation. These are N-channel 
enhancement-mode silicon gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be oper¬ 
ated directly from Integrated circuits. 

The IRFU series is supplied in the TO-251AA plastic pack¬ 
age and the IRFR series is supplied in the TO-252AA sur¬ 
face-mount plastic package. 

Because of space limitations branding (marking) on type 
IRFR420 is IFR420, IRFR421 is IFR421, IRFR422 is 
IFR422, IRFU420 is IFU420 and IRFU421 is IFU421, 
1RFU422 is IFU422. 


Packages 

IRFU420/421/422 TO-251AA 
TOP VIEW 


DRAIN 

TAB' 


SOURCE 

DRAIN 

GATE 


IRFR420/421/422 TO-252AA 
TOP VIEW 


DRAIN 

TAB’ 


iCn SOURCE 
□ DRAIN 
^;^GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Continuous Drain Current 

Tc = 250C. Id 

Tc = 100OC. Id 

Pulsed Drain Current. Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation 

Tc = 250C. Pd 

Linear Derating Factor. 

Single Pulse Avalanche Energy Rating (2). Eas 

Operating and Storage Junction. Tj,TstG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFU420/421 

IRFU422 


IRFR420/421 

IRFR422 

UNITS 

2.5 

2.2 

A 

1.6 

1.4 

A 

8 

7 

A 

±20 

±20 

V 

50 

50 

W 

0.4 

0.4 

W/OC 

210 

210 

mJ 

-55 to+150 

-55 to+150 

OC 

300 

300 

oc 


NOTES; 

1. Pulse Test: Pulse width < SOOjiS, Duty Cycle < 2% 3. Mounting pad must cover heatsink surface area. See Packages. 

2. Vqd = 50V, Start Tj = +250C, L = 60mH, Rq = 25fl, Peak II = 2.5A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRFR420, IRFR421, IRFR422, IRFU420, IRFU42h IRFU422 


ELECTRICAL CHARACTERISTICS, At Tj = 25°C (Unless Otherwise Specified) 


CHARACTERISTIC 

TYPE 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

BVoss Drain-to-Source Breakdown 

Voltage 

IRFR421 

IRFU421 

450 

- 

- 

V 

Vos = 0 V, Id = 250 //A 

IRFR420 

IRFR422 

IRFU420 

IRFU422 

500 

- 

- 

Ros(on) Static Drain-to-Source 

On-State Resistance @ 

IRFR420 

IRFR421 

IRFU420 

IRFU421 


2.9 

3.0 

0 

Vo8= 10 V. lo= 1.3 A 

IRFR422 

IRFU422 

- 

- 

4.0 

iD(on) On-State Drain Current® 

IRFR420 

IRFR421 

IRFU420 

IRFU421 

1 

1 

1 

A 

Vos > iD(on) X RDs(on) Max. 

Vos = 10 V 

IRFR422 

IRFU422 


Vosfth) Gate Threshold Voltage 

ALL 


- 

WSM 

V 

Vos = Vos. Id = 250/wA 

gfs Forward Transconductance® 

ALL 

1.5 

2.2 

- 

SvU) 

Vos > 50 V, Ids = 1.4 A 

loss Zero-Gate Voltage Drain Current 

ALL 

- 

-■ 


aA 

Vos = Max. Rating, Vos = 0 V 

- 

- 


Vos = 0.8 X Max. Rating 

Vos = 0V,Tj= 125®C 

loss Gate-to-Source Leakage Forward 

ALL 

- 

- 


nA 

Vos = 20 V 

Vos = -20 V 

loss Gate-to-Source Leakage Reverse 

ALL 

- 

- 


Qg Total Gate Charge 

ALL 

- 

13 

19 

nC 

Vos = 10 V. Id = 2.5 A 

Vos = 0.8 X Max. Rating 

See Fig. 16. (Independent of operating temperature) 

Qg, Gate-to-Source Charge 

ALL 

- 

2.2 

3.3 

Qgd Gate-to-Drain (“Miller") Charge 


- 

6.8 

10 

td{on) Turn-On Delay Time 

ALL 

- 

10 

15 

ns 

Voo = 250 V. Id « 2.5 A, Ro = 18 0 

Ro = 100 O 

See Fig. 15 

(Independent of operating temperature) 

t, Rise Time 

ALL 

- 

12 

18 

td(off) Turn-Off Delay Time 

ALL 

- 

28 

42 

t, Fall Time 

ALL 

- 

12 

18 

Ld Internal Drain Inductance 

ALL 


4.5 


nH 

Measured from the drain 
lead, 6mm (0.25 in.) from 
package to center of die. 

Modified MOSFET 
symbol showing the 
internal inductances. 

Ls Internal Source Inductance 

ALL 


7.5 


nH 

Measured from the source 
lead, 6mm (0.25 in.) from 
package to source bonding 
pad. 

CiM Input Capacitance 

ALL 

- 

350 

- 

PF 

Vos = 0 V, Vos = 25 V 

f= 1.0 MHz 

See Fig. 10 

Cost Output Capacitance 

ALL 

- 

54 

- 

Cm, Reverse Transfer Capacitance 

ALL 

- 

9.6 

- 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TYPE 

MIN. 

TYP. 

MAX. 

UNITS 

TEST CONDITIONS 

Is Continuous Source Current 

(Body Diode) 

ALL 

- 

' - 

2.5 

A 

Modified MOSFET symbol showing o 

p 

the integral reverse _^ 

p-n junction rectifier. n}~^ ^ 

O 

s 

Ism Pulsed Source Current 

(Body Diode) 

ALL 

- 

- 

8 

VsD Diode Forward Voltage® 

ALL 

- 

- 

1.6 

V 

Tj = 25®C, Is = 2.5 A, Vos = 0 V 

t,r Reverse Recovery Time 

ALL 

130 

270 

540 

ns 

Tj = 25® C, If = 2.5 A, di/dt = 100 A/^ 

Qrr Reverse Recovery Charge 

ALL 

0.57 

1.2 

2.3 

aC 

ton Forward Turn-On Time 

ALL 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Lo. j 


THERMAL RESISTANCE 


R^jc 

Junction-to-Case 

ALL 

- 

- 

2.5 




Case-to-Sink 

ALL 

- 

1.7 

- 

®c/w 

Typical solder mount ® 


Junction-to-Ambient 

ALL 

- 

- 

110 


Typical socket mount 


O Pulse Width < 300 /is; Duty Cycle < 2%. (j) Voo = 50 V. Starting Tj = 25® C, (2) Mounting pad must cover heatsink surface 

L = 60 mH, Rq = 25 Q, Peak L = 2.5 A. area. See Case Style drawing on front page. 
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DRAIN CURRENT (AMPERES) ^D* DRAIN CURRENT (AMPERES) 


/RFR420, lRFR42h IRFR422, IRFU420, IRFU421, IRFU422 



Vjjg. ORAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. 



Fig. 3 - Typical saturation characteristics. 



Fig. 2 - Typical transfer characteristics. 



92GS-44294 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 
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IRFR420, iRFR421, IRFR422, IRFU420, /RFU421, IRFU422 



Fig. 6 - Typical transconductance vs. drain current. 



-60 -40 -20 0 20 40 60 80 100 120 140 160 

Tj, JUNCTION TEMPERATURE ( °C) 


Fig. 8 - Breakdown voltage vs. temperature. 




Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 9 - Normalized on-resistance vs. temperature. 



Qg. TOTAL GATE CHARGE (nC) 


Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 


























RQS(on)- ORAIN-TO-SOURCE ON RESISTANCE 


IRFR420, IRFR421, IRFR422, IRFU420, IRFU421, IRFU422 




Tc CASE TEMPERATURE (<>0 


Fig. 12 — Typical on-resistance vs. drain current 


Fig. 13 — Maximum drain current vs. case 
temperature 




Fig. 15a — switching time test circuit 


VdD 


Fig. 14b — undamped inductive waveforms 



'diot'i 


Fig. 15b — switching time waveforms 





Fig. 16a — Basic gate charge waveform 


Fig. 16b — Gate charge test circuit 
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^ HARRIS RFL1N08 

RFL1N10 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 1A, 80V and 100V 

• RDS(on) = 1-20 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Description 

The RFL1N08 and RFL1N10 are n-channel enhancement 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


Package 


TO-205AF 
BOTTOM VIEW 



N-CHANNEL ENHANCEMENT MODE 


D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage. 

.Vdss 

RFL1N08 

80 

RFL1N10 

100 

UNITS 

V 

Drain-Gate Voltage (Rqs “ 1 . 

.vdgr 

80 

100 

V 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

V 

Drain Current, RMS Continuous. 

.Id 

1 

1 

A 

Pulsed... 

.Idm 

5 

5 

A 

Power Dissipation Total @ Tq = 250C. 

.Pd 

8.33 

8.33 

W 

Derating Above Tq = 250C. 


0.0667 

0.0667 

W/OC 

Operating and Storage Junction Temperature Range. 

.Tj.TstG 

-55 to+150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be follovved. 
Copyright © Harris Corporation 1991 
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Specifications RFL1N08, RFL 1N10 


Electrical Characteristics (Tc = +25^0), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N08 

RFL1N10 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

l0 = 1mA,VGS = O 

80 

- 

100 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

VqS = Vds. Id = 250fiA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

•dss 

Vds=65V 

- 

1 

- 

- 

mA 

Vds*80V 

- 

- 

- 

1 

mA 

Tc = +1250C 

Vds = 65V 

■ 

50 

■ 

_ 

|iA 

VdS = 80V 

- 

- 

- 

50 

VA 

Gate-Source Leakage Current 

Iqss 

Vgs = ±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

ID = 1A,Vgs = 10V 

- 

1.2 

- 

1.2 

V 

Id = 2A,Vgs = 10V 

- 


- 

HQ^IIII 

V 

Static Drain-Source On Resistance 

rDS(on)* 

Id = 1A,Vgs = 10V 

- 

1.2 

- 

1.2 

n 

Forward Transconductance 

Qfs* 

Id = 1A,Vds = 10V 

400 

- 

400 

- 

s(U) 

Input Capacitance 

C|SS 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Coss 

- 

80 

- 

80 

PF 

Reverse-Transfer Capacitance 

Crss 

- 

25 

- 

25 

pF 

Turn-On Delay Time 

td(on) 

Id = “lA, V0D = 50V 
RgEN = RgS = 500 
VgS=^10V 

17{typ) 

25 

17{typ) 

25 

ns 

Rise Time 

tr 

30(typ) 

45 

30(typ) 

45 

ns 

Turn-Off Delay Time 

td(off) 

30{typ) 

45 

30{typ) 

45 

ns 

Fall Time 

tf 

30(typ) 

50 

30{typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

15 

- 

15 

OC/W 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL1N08 

RFL1N10 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

* 

o 

$ 

< 

11 

Q 

W 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

Vr 

If = 2A 

djp/dt = 50A/fis 

o 

o 

100{typ) 

o 

o 

100{typ) 

ns 


* Pulsed: Pulse duration = 300^lS max., duty cycle = 2%. 
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POVER DISSIPATION MULTIPLIER 


RFL1N08. RFL1N10 



DRflIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


Fig. 1 - Maximum operating areas for all types. 



Fig. 2 - Power dissipation vs. temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 

for all types. of junction temperature for all types. 




Fig. 4 - Normalized drain-to-source on resistance to junction tem¬ 
perature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 


N-CHANNEL 
POWER MOSFETs 





























































































































































































^ HARRIS RFL1N12 

RFL1N15 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 1A, 120V and 150V 

• rDS(on) = 1.9n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 

TO-205AF 
BOTTOM VIEW 



Description 


The RFL1N12 and RFL1N15 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFL-series types are supplied in the JEDEC TO-205AF 
metal package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


Drain-Source Voltage. 

. VdsS 

RFL1N12 

120 

RFL1N15 

150 

UNITS 

V 

Drain-Gate Voltage (Rqs = 1 . 

.VdgR 

120 

150 

V 

Continuous Drain Current. 

.Id 

1A 

1A 

A 

Pulsed Drain Current. 

.iDM 

5 

5 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C . 

.Pd 

8.33 

8.33 

W 

Linear Derating Factor. 


0.0667 

0.0667 

W/OC 

Operating and Storage Temperature. 

.Tj.TstG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 1 444.1 

Copyright © Harris Corporation 1991 
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Specifications RFL INI2, RFL INI5 


Electrical Characteristics (Tq = +25^C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N12 

RFL1N15 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1mA,VGs = 0 

120 

- 

120 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

VGS = VDS»*D = 2mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

Idss 

Vds = ioov 

- 

1 

- 

- 

mA 

Vds = 120V 

- 

- 

- 

1 

ma 

Tc = +1250C 

Vds = ioov 

■ 

50 

■ 

_ 

mA 

Vds=120V 

- 

- 

- 

50 

VA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A,Vgs = 10V 

- 

1.9 

- 

1.9 

V 

Id = 2A,Vgs = 10V 

- 


- 

n^m 

V 

Static Drain-Source On Resistance 

'■DS(on)* 

Id = 1A,Vgs = 10V 

- 

1.9 

- 

1.9 

n 

Forward Transconductance 

gfs* 

Id = 1A,Vds=10V 

400 

- 

400 

- 

S{0) 

input Capacitance 

C|SS 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

coss 

- 

80 

- 

80 

PF 

Reverse-Transfer Capacitance 

Crss 

- 

25 

- 

25 

pF 

Turn-On Delay Time 

kl(on) 

Id = 1A, Vdd=75V 
RGEN = RGS = 50n 
Vgs=10V 

17{typ) 

25 

17(typ) 

25 

ns 

Rise Time 

V 

30{typ) 

45 

30(typ) 

45 

ns 

Turn-Off Delay Time 

fd{off) 

30{typ) 

45 

30(typ) 

45 

ns 

Fall Time 

ff 

30{typ) 

50 

30(typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N12 

RFL1N15 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

Isd^ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If = 2A 

d|F/dt = 50A/MS 

150(typ) 

150(typ) 

150(typ) 

1 

1 

ns 


* Pulsed; Pulse duration = SOOfis max., duty cycle = 2%. 
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POWER DISSIPATION MULTIPLIER 


RFL1N12, RFL1N15 



N-CHANNEL 
POWER MOSFETs 














































































































































RFL1N12 RFL1N15 






















































































































































August 1991 


RFL1N18 

RFL1N20 

N-Chann«l Enhartcem«nt-Mode 
Power Field-Effect Transistors 


Features 

• 1A, 180V and 200V 

• rDS(0'’) = 3.65n 

• SO A is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-20SAF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The RFL1N18 and RFL1N20 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage.Vpss 

Drain-Gate Voltage (Rqs = .Vdgr 


Maximum Power Dissipation 

Tc = +250C. 

Derate Above Tc = +25^0 



RFL1N18 

RFL1N20 

UNITS 

.... VdsS 

180 

200 

V 

• • VdGR 

180 

200 

V 

.'d 

1 

1 

A 

.Idm 

5 

5 

A 

.... Vgs 

±20 

±20 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

Tj.TstG 

-55 to+150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFL INI8, RFL2N20 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N18 

RFL2N20 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1 mA, Vqs = 0 

180 

- 

200 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

VGS~VDS.lD = 2mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

•dss 

Vqs -145V 

- 

1 

- 

- 

mA 

Vds = 160V 

- 

- 

- 

1 

mA 

Tc = +1250C 

Vds = 145V 

■ 

50 

■ 

_ 

mA 

Vds = 160V 

- 

- 

- 

50 

fiA 

Gate-Source Leakage Current 

•gss 

VgS~±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A,Vgs = 10V 

- 

3.65 

- 

3.65 

V 

Id = 2A,Vgs = 10V 

- 

8.3 

- 

8.3 

V 

Static Drain-Source On Resistance 

'■DS(on)* 

Id = 1A,Vgs = 10V 

- 

3.65 

- 

3.65 

n 

Forward Transconductance 

9fs* 

Id = 1A,Vds=10V 

400 

- 

400 

- 

S(15) 

Input Capacitance 

C|SS 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Coss 

- 

60 

- 

60 

PF 

Reverse-Transfer Capacitance 

Crss 

- 

25 

- 

25 

pF 

Turn-On Delay Time 

*d(on) 

Id = 1A, Vdd = 100V 

Rgen = Rgs = son 

Vgs=10V 

15(typ) 

25 

15(typ) 

25 

ns 

Rise Time 

tr 

20{typ) 

30 

20(typ) 

30 

ns 

Turn-Off Delay Time 

kl(off) 

25(typ) 

40 

25(typ) 

40 

ns 

Fall Time 

tf 

30(typ) 

50 

30(typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


_1 

15 

_1 

15 

oc/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N18 

RFL2N20 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

•SD = “1A 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If = 2A 

d|p/dt = 50A/|uis 

200 (typ) 

200 (typ) 

200 (typ) 

200 (typ) 

ns 


* Pulsed: Pulse duration = SOOjis max., duty cycle = 2%. 


4-594 













































































































































ROVER DISSIPATION MULTIPLIER 


RFL INI8, RFL1N20 



Fig. 1 - Maximum operating areas for all types. 



Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 




Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 


4-595 


N-CHANNEL 
POWER MOSFETs 















































































RFL INI8, RFL1N20 



Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260. 



Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 

drain current for all types. all types. 



DRAIN CURRENT (Iq)-A 

9aCS-3609l 


Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 


Fig. 11 — Switching Time Test Circuit. 


































































































































































August 1991 


RFL2N05 

RFL2N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. pjl^ |sjumber 1 497.1 

Copyright © Harris Corporation 1991 


4-597 


N-CHANNEL 
POWER MOSFETs 


















Specifications RFL2N05, RFL2N06 


Electrical Characteristics (Tc = +25°C), Unless Othenwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL2N05 

RFL2N06 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

lD = 1mA,VGS = 0 

50 

- 

60 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

Vgs=Vds» b = 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

bss 

VdS = 40V 

- 

1 

- 

- 

pA 

Vds = 50V 

- 

- 

- 

1 

pA 

Tc = +1250C 

VdS = 40V 

■ 


■ 

_ 

pA 

Vds = 50V 

- 

- 

- 

50 

pA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

b = 1A,VGS = 10V 

- 

0.95 

- 

0.95 

V 

Id = 2A,Vgs = ‘I0V 

- 

2.0 

- 

2.0 

V 

b = 4A,VGS = 15V 

- 

4.8 

- 

4.8 

V 

Static Drain-Source On Resistance 

rDS(on)* 

Id = 1A,Vgs = ‘J0V 

- 

0.95 

- 

0.95 

n 

Forward Transconductance 

Qfs* 

b = 1A,VDS = 10V 

400 

- 

400 

- 

s(0) 

Input Capacitance 

C|SS 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Coss 

- 

85 

- 

85 

PF 

Reverse-Transfer Capacitance 

CrsS 

- 

30 

- 

30 

pF 

Turn-On Delay Time 

^d(on) 

b = '«A, Vdd = 30V 
Rgen = Rgs = 5on 

Vgs=10V 

6{typ) 

15 

6 (typ) 

15 

ns 

Rise Time 

tr 

14 (typ) 

30 

14 (typ) 

30 

ns 

Turn-Off Delay Time 

^(off) 

16{typ) 

30 

16 (typ) 

30 

ns 

Fall Time 1 

tf 

30 (typ) 

50 

30 (typ) 

50 

ns 

Thermal Resistance Junctlon-to-Case 

R0JC 


- 

15 

- 

15 

OC/W 


* Pulsed: Pulse duration = 300fis max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL2N05 

RFL2N06 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

Isd = ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

Vr 

If = 2A 

d|F/dt = 50A/ps 

100 (typ) 

100 (typ) 

100 (typ) 

100 (typ) 

ns 


* Pulsed: Pulse duration < SOOps max., duty cycle < 2%. 
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POVER OISSIPfiTION MULTIPLIER 



N-CHANNEL 
POWER MOSFETs 




































































































CONDUCTANCE (gfs)— mmhc 


RFL2N05. RFL2N06 
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DRAIN CURRENT (Id) —A 

92CS-37I04 

- Typical drain-to-source on resistance as a function 
of drain current for all types. 


DRAIN-TO-SOURCE VOLTAGE (Vds)—V 

2CS-37i05 

- Capacitance as a function of drain-to-source 
voltage for all types. 


Vos' 10 V 
1200 PULSE TEST 

PULSE DURATION *80/iS 





DRAIN CURRENT (Id)^A 

92CS-37106 

Typical forward transconductance as a function 
of drain current for all types. 


92CS-37378 

Fig. 11 — Switching Time Test Circuit. 

















































































































































RFP2N08 


August 1991 


Features 

• 2A, 80V and 100V 

• rDS{on) = I.OSn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N08 and RFP2N10 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFP-types are supplied in the JEDEC TO-220AB plastic 
package. 


N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 




Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




RFP2N08 

RFP2N10 

UNITS 

Drain-Source Voltage. 

.VdsS 

80 

100 

V 

Drain-Gate Voltage (Rqs = ^ MD). 

RMS Continuous Drain Current 

.Vdgr 

80 

100 

V 

Tq = +250C. 

.Id 

2 

2 

A 

Pulsed Drain Current. 

.Idm 

5 

5 

A 

Gate-to-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

25 

25 

W 

Tc > 4-250C.. 


0.2 

0.2 

w/oc 

Operating and Storage Junction. 

.Tj.TstG 

-55 to +150 

-55 to +150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2883 


4-601 


N-CHANNEL 
POWER MOSFETs 


















Specifications RFP2N08, RFP2N10 

Electrical Characteristics (Tg = +250C), Unless Otherwise Specified 


-:—^—:--- ^^^— 

CHARACTERISTIC 

SYMBOLS 


LIMITS j 

TEST CONDITIONS 

RFP2N08 1 

RFP2N10 1 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

lD = 1mA,VGS = 0 

80 

-: 

100 


Gate Threshold Voltage 

VGS{th) 

VgS = VdsUd = 250mA 

2 

4 

2 

4 

Zero-Gate Voltage Drain Current 

bss 

Vds='65V 

- 

1 



VdS*80V 

- 

■ - 

, - 

1 

Tc = +1250C 

Vds = 65V 

■ 

50 

■ 

_ 

Vds = 80V 

- 



50 

Gate-Source Leakage Current 

•gss 

VgS - ±20V, Vds = 0 

- 

100 

- 

100 

Drain-Source On-Voltage 

VDS(on)* 

ID = 1A,Vgs = 10V 

- 

1.05 


1.05 

Id = 2A,Vgs = 10V 


3.0 

, - 

3.0 

Static Drain-Source On Resistance 

rDS{on)* 

Id = 1A,Vgs = 10V 

- 

1.05 

- 

1.05 

Forward Transconductance 

9fs* 

Id = 1A,Vds=10V 

400 . 

■' 

400 

- 

Input Capacitance 

ClSS 

Vgs^0V.Vds = 25V 
f=;=1MHz 

■ - 

200 

- 

200 

Output Capacitance 

coss 


80 


80 

Reverse Transfer Capacitance 

Crss 

- . 

, 25 

- 

25 

Turn-On Delay Time 

kl{on) 

ID = 1A, Vdd = 50V 

Rgen = Rgs = 5oa 

VgS^IOV 

17(typ) 

25 

17(typ) 

25 

Rise Time 

V 

30(typ) 

45 

3d{typ). 

45 

Turn-Off Delay Time 

fd(off) 

30{typ) 

45 

30{typ) 

45 , 

Fall Time 

tf 

17(typ)i 

25 

17(typ) 

25 

Thermal Resistance Junction-to-Case 

R0JC 



5 


' ^ 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

RFP2N08 

RFP2N10 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

ISO = -1A 

- 

1.4 


1*4 

Diode Reverse Recovery Time 

Vr 

If = 2A 

d|F/dt=50A/MS 

100 (typ) 

100 (typ) 


100 (typ) 


* Pulsed: Pulse duration = 300|is max., duty cycle = 2%. 


UNITS 

V 

V 

tiA 

pA 

pA 

pA 

nA 

V 

V 

CL 

s(y) 

pF 

pF 

pF 

ns 

' ns 

ns 

ns 

OC/W 


UNITS 

V 

ris 


4-602 











































































































































POWER DISSIPATION MULTIPLIER 


RFP2N08, RFP2N10 



g 0^ I_I_I I—t-LLl I I_ I I LI_1_I 1 I 

’ 1 10 100 1000 
DRflIN-TO-SOURCE VOLTAGE (Yds) - VOLTS 


Fig. 1 - Maximum operating areas for ail types. 



Fig. 2 - Normalized power dissipation vs. temperature derating Fig. 3 - Typical normalized gate threshold voltage as a function 

curve of junction temperature for all types. 




92CS-35I73 


Fig. 4 - Normalized drain-to-source on resistance to junction tem¬ 
perature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 


N-CHANNEL 
POWER MOSFETs 



























































































































August 1991 


RFP2N12 

RFP2N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 2A, 120V and 150V 

• •'DS(0'^) = 1.75fl 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The RFP2N12 and RFP2N15 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings {Tq = + 250 C), Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage (Rqs = MH) . 
Continuous Drain Current. 


Maximum Power Dissipation 

Tc = +25OC. 

Derate Above Tq = +250C 



RFP2N12 

RFP2N15 

UNITS 

... VdsS 

120 

150 

V 

• • • VdGR 

120 

150 

V 

.b 

2 

2 

A 

....idm 

5 

5 

A 

• • • Vqs 

±20 

±20 

V 

.Pd 

25 

25 

W 


0.2 

0.2 

W/OC 

Tj.TstG 

-55 to +150 

-55 to+150 

OC 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 
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N-CHANNEL 
POWER MOSFETs 


















Specifications RFP2N12, RFP2N15 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2N12 

RFP2N15 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVpSS 

Id = 1 mA Vqs = 0 

120 

- 

150 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

VqS = Vds» Id = 2mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

Idss 

Vds = ioov 

- 

1 

- 

- 

mA 

Vds = 120V 

- 

- 

- 

1 

mA 

Tc = +1250C 

Vds = ioov 

■ 

50 

■ 

_ 

fiA 

Vds = 120V 

- 

- 

- 

50 

VA 

Gate-Source Leakage Current 

Igss 

Vgs==±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

, 

Id = 1A,Vgs = 10V 

- 

1.75 

- 

1.75 

V 

Id = 2AVgs = 10V 

- 

6.0 

- 

6.0 

V 

Static Drain-Source On Resistance 

rDSion)* 

Id = 1A,Vgs = 10V 

- 

1.75 

- 

1.75 

n 

Forward TransconductanCe 

Qfs* 

Id = 1A.Vds=10V 

400 

- 

400 

- 

s(U) 

input Capacitance 

C|SS 

Vgs = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Goss 

- 

80 

- 

80 

PF 

Reverse-Transfer Capacitance 

Crss 

- 

25 

- 

25 

pF 

Turn-On Delay Time 

td(on) 

Id = 1A, Vdd = 75V 
I^GEN = RgS “ 50a 
Vgs=10V 

17(typ) 

25 

17{typ) 

25 

ns 

Rise Time 

V 

30(typ) 

45 

30(typ) 

45 

ns 

Turn-Off Delay Time 

fd(off) 

30(typ) 

45 

30{typ) 

45 

ns 

Fall Time 

tf 

17(typ) 

25 

17(typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

Rejc 


- ' 

5 

- 

5 

OC/W 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFP2N12 

RFP2N15 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VsD* 

•SD = "‘iA 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If=2A 

d|p/dt = 50A/ps 

150{typ) 

150(typ) 

150(typ) 

150(typ) 

ns 


* Pulsed; Pulse duration = SOOfis max., duty cycle = 2%. 
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POWER DISSIPfiTION MULTIPLIER 


RFP2N12, RFP2N15 


CASE TEMPERATURE (Tc)>-25°C 



10 100 1000 
DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 


1.2 



■ 
































0.0 









0 25 60 75 lOO 1Z5 150 

^ CASE TEMPERATURE (Tc) - °C 


-50 0 50 100 150 200 

JUNCTION TEMPERATURE (Tj) —'c 


Fig. 2 “ Normalized power dissipation vs temperature derating curve. Fig. 3 — Typical normalized gate threshold voltage as a function 

of junction temperature for all types. 





Fig. 4 - Normalized drain-to-source on resistance to junction tem¬ 
perature for all types. 


Fig. 5 — Typical transfer characteristics for all types. 




N-CHANNEL 
POWER MOSFETs 





































































RFP2N12, RFP2N15 




Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 — Typical saturation characteristics for all types. 
Refer to Harris application notes AN-7254 and AN-7260. 



Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 — Capacitance as a function of drain-to-source voltage for 
drain current for all types. 3// types. 



0 0.5 I 1.5 2 2.5 ■=■ 92CS-37385 


DRAIN CURRENT (lo)-A 

Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit, 

drain current for all types. 
























































































CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 
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POWER MOSFETs 


















Speciftcmons RFF2N7^^^^ 

Electrical Characteristics (Tc =+25<>cii, Unless otherwise Speci^^^ 


characteristic 


Drain-Source Breakdown Voltage 


GaterThreshold Voltage 


Zero-^Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On-Voltage 


Static braih^Source On Resistance 


Forward Transconductance 


Input Capacitance 


Output Capacitance 


Reverse-Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay TIrne ’ 


Fall Time 


Thermal Resistance Junctlon-to-Case 


SYMBOLS 


BVdsS 


VGS(th) 


•PSS 


'GSS 


VDS(on)* 


TEST CONDITIONS 



Id = 1mA, Vqs 

= 0 

VGS = VDsylD 

= 2mA 

VDS-Z^^sy 

VDs-teoy 

Tc = +1250C 


Vos *= 145V 


Vds = 1«0V 

VGS = i2bV,VDs = 0 

Id = 1A,Vgs = 

10V 

1D = 2A,Vgs = 

10V. 

<D = 1A,Vgs = 

lOV 

Ip = 1 A,Vd3*= 

10V 

VqS OV, Vpg 

= 25V 

f=lMHz 


Id =^ 1A, VDd = 

:1Q0V 

Rgen^^^'Rgs^ 

:50a 

VqS =lpv 



RFP2N18 


Min 


180 


RFP2N20 


MAX I MIN . M 


200 


4 2 


15(typ) 25 15(typ) 25 


20{typ) 30 |20{typ) 30 


25(typ) 40 |25(typ) 40: 


15:{typ) . 25 i5(typ) 


5 




Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST conditions 

Diode Forward Voltage 

VSD* 

Isd = -1A 

Diode Reverse Recovery Time 


If = 2A 

d|F/dt = 50A/MS 



200 (typ) 200 (typ) |200 (typ) 200 {typ) I ns 













































































































































POWER DISSIPATION MULTIPLIER 


RFP2N18, RFP2N20 


CASE TEMPERATURE (Tc)"25°C 



DRAIN-TO-SOURCE VOLTAGE (Vda) - VOLTS UTOjiB 


Fig. 1 - Maximum operating areas for all types. 



92CS-3434T 


Fig. 2 - Normalized power dissipation vs temperature derating curve. Fig. 3 - Typical normalized gate threshold voltage as a function 

of junction temperature for all types. 



JUNCTION TEMPERATURE (Tj)-*C GATE - TO-SOURCE VOLTAGE (VqsI-V 

92CS-34352 92CS-36066 

Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types, 

temperature for all types. 


4-611 


N-CHANNEL 
POWER MOSFETs 


























































Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 
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DRAIN CURRENT (Id )—A 

92CS-3609I 


Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 
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RFM3N45/3N50 

RFP3N45/3N50 

N-Channei Enhancement Mode 
Power Field Effect Transistors 


Features 

• 3A, 450V and 500V 

• I'DSCon) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 


Packages 

TO-204AA 
BOTTOM VIEW 



Description 

The RFM3N45 and RFM3N50 and the RFP3N45 and 
RFP3N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC TO- 
204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 



> SOURCE 

> DRAIN 
>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Drain-Source Voltage. 

.VdsS 

RFM3N45 

450 

RFM3N50 

500 

RFP3N45 

450 

RFP3N50 

500 

UNITS 

V 

Drain-Gate Voltage (Rgs^". 

.Vdgr 

450 

500 

450 

500 

V 

Continuous Drain Current 

RMS Continuous. 

. Id 

3 

3 

3 

3 

A 

Pulsed Drain Current. 

.'dm 

5 

5 

5 

5 

A 

Gate-Source Voltage . 

.Vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation 

Tc = +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tq =+250C, Derate Linearly .. 

.Pd 

0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction.. 

... TJ.TSTG 

-55 to +150 

-55 to+150 

-55 to+150 

-55 to +150 

OC 

Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 1 384.1 

Copyright © Harris Corporation 1991 
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Specifications RFM3N45, RFM3N50, RFP3N45, RFP3N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc)=25°C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM3N45 

RFP3N45 

RFM3N50 

RFP3N50 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA 

Vgs=0 

450 

—" 

500 


V 

Gate-Threshold Voltage 

VGs(th) 

Vgs^Vds 

Id= 1 mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

loss 

Vds=360 V 
Vds=400 V 

_ ■ 

10 

— 

. 10 


Tc=125°C 
Vds-360 V 
Vds=400 V 

- 

50 


50 

Gate-Source Leakage Current 

loss 

Vgs=±20 V 
Vds=0 


100 


100 

nA 

Drain-Source On Voltage 

VDs(on)® 

Id-1.5 A 
, Vgs-10 V 

' —^ 

4.5, 

— 

4.5 

V 

Id-3 A 
Vgs-IOV 

— 

10.5 

—■ 

10.5 

Static Drain-Source On Resistance 

rpsCon)® 

Id-;1.5A 

Vgs-IOV 


3 


3 

Q 

Forward Transconductance 

Qfs® 

Vds-IOV 

Id-T,5A 

1 


1 

—; 

mho 

Input Capacitance 

Ciss 

Vds-25V 

Vgs-0 V 
f=1MHz i 


750 

— 

750 

PF 

Output Capacitance 

Coss 

■ — 

. 150 

— 

150 

Reverse-Transfer Capacitance 

Crss 

— 

100 

— 

100 

Turn-On Delay Time 

td{on) 

Vdd-250V 
. Id-1.5 A 

Rgen-Rgs-50 0 
Vgs-IOV 

30(Typ) 

45 

30(Typ) 

■ 45 

ns 

Rise Time 

: tr ^ 

40(Typ) 

60 

40(Typ) 

60 

Turn-Off Delay Time 

td(off) 

90(Typ) 

135 

90(Typ) 

M35 

Fall Time 

t, 

50(Typ) 

75 ■. 

50(Typ) 

75 

Thermal Resistance Junction-to-Case 

R^c 

RFM3N45, 

RFM3N50, 


1.67 

- . 

1.67 

°C/W 

RFP3N45, 

RFP3N50 

■ ■ i 

2.083 

- 

2.083 


® Pulsed: Pulse duration=300 ps max., duty cycle=2%. 


SOURCE-DRAIN DIObE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM3N45 

RFP3N45 

RFM3N50 

RFP3N50 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

,Q 

> 

J 

Isd-1.5A 


1.4 

. — 

1.4 

V 

Reverse Recovery Time 

trr 

Jf-4A 

d,F/dt=100 A/ps 

800(typ) 

80p(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 





F/g. 


RFM3N45, RFM3N50; RFP3N45, RFP3N50 


CASE TEMPERATURE{Tc)=25“C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE 
IN TEMPERATURE) 


aVo^S (MAX) = 450V RFM3N45, RFP3N45i 
5Vpss (MAX) = 500V RFM3NS0, RFP3N5b| 



‘ ^ . "10 ^ ‘'100 

DRAIN-TO-SOURCE VOLTAGE (Vjjs)—V 

92CS- 36062R1 

Fig. 1 - Maximum, operating areas.for atl types. 



CASE TEMPERATURE (Tc,) —•€ 


92CS - 34364 R2 


Fig. 2 - Power dissipation vs. temperature derating curve 
for all types, 



0. 50 , IPO 

.JUNCTION TEMPERATURE (Tj ) 


Fig. 3 - typice! normalized gate threshold voltage as a function 
of junction temperature for all types. 


g| ■ 

P 

< 

0 .! 


lQ=t.5A;VGs=IOV 


’ Junction, TEMPERATURE (Tj)-*c , 

92CS-35I62 



4 - Normalized drain-to-source on resistance to junction tem¬ 
perature for alf typesi. 


Fig. 5 - Typical transfer characteristics for all types. 
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N-CHANNEL 
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RFM3N45. RFM3N50. RFP3N45, RFP3N50 




Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260 




Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage 

drain current for all types. for all types. 



'^DD « 
250 V 




Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 

drain current for all types. 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. PH^ 2880 

Copyright © Harris Corporatbn 1991 
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Specifications RFP4N05, RFP4N06 


Electrical Characteristics (Tc = +250C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP4N05 

RFP4N06 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1 mA, Vqs = 0 

50 

. - 

60 

- 

V 

Gate-Threshold Voltage 

VGS(th) 

VgS = VdS»*D = 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

Idss 

Vds=40V 

- 

1 

- 

- 

mA 

Vds = 50V 

- 

- 

- 

1 

mA 

Tc = +1250C 

Vds = 40V 

■ 

50 

■ 

_ 

jiA 

Vds = 50V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

•d = 1A,Vgs = 10V 

- 

0.8 

- 

0.8 

V 

Id = 2A,Vgs = 10V 

- 

2.0 

- 

2.0 

V 

Id = 4A,Vgs = 10V 

- 

4.8 

- 

4.8 

V 

Static Drain-Source On Resistance 

rDS{on)* 

Id = 1A,Vgs = 10V 

- ’ 

0.8 

- 

0.8 

n 

Forward Transconductance 

9fs* 

Id = 1A,Vds= 10V 

400 

- 

400 

- 

S(U) 

Input Capacitance 

C|SS 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

pF 

Output Capacitance 

Coss 

- 

85 

- 

85 

PF 

Reverse-Transfer Capacitance 

Crss 

- 

30 

- 

30 

pF 

Turn-On Delay Time 

*d(on) 

Id = 1A, Vdd = 30V 

Rqen = Rqs = 30fi 

Vgs=10V 


15 

6(typ) 

15 

ns 

Rise Time 

V 


30 

14(typ) 

30 

ns 

Turn-Off Delay Time 

td(off) 


30 

16(typ) 

30 

ns 

Fall Time 

tf 


25 

14(typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

OC/W 


* Pulsed: Pulse duration = 300|iS max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFP4N05 

RFP4N06 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

Isd = ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If=2A 

djp/dt = 50A/JIS 

lOO(typ) 

1 

o 

o 

lOO(typ) 

100{typ) 

ns 


* Pulsed: Pulse duration < 300|js max., duty cycle < 2%, 
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N-CHANNEL 
POWER MOSFETs 




































































































































































































































CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be follov^ed. 
Copyright © Harris Corporation 1991 
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Specifications RFL4N12, RFL4N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified 





LIMITS 

mi 

CHARACTERISTIC 

SYMBOL 

TEST 

RFL4N12 

RFL4N15 




CONDITIONS 








Mln. 

Max. 

Mln. 

Max. 

mm\ 

Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs“0 

120 

— 

150 

— 

V 

Gate-Threshold Voltage 

VQs(th) 

Vgs=Vds 

2 

mi 



mi 



Id= 1 mA 






Zero-Gate Voltage Drain Current 

loss 

Vds=100 V 

__ 

■■ 

— 

mi 




Vds=120 V 

— 


— 






■ 


■ 

_ 








50 


Gate-Source Leakage Current 

loss 


_ 


— 











Drain-Source On Voltage 

VDs(on)“ 

1d=2 A 

Vgs=10 V 

— 


— 






_ 

H 

— 



Static Drain-Source On Resistance 

rDs(on)* 

Id=2 A 
Vgs=10V 

— 


— 



Forward Transconductance 

gts* 

Vds=10V 

1.5 

— 


— 

mho 



< 

CM 

II 

O 






Input Capacitance 

Ciss 


__ 


— 



Output Capacitance 

Co88 


— 

mMSk 

— 

WSIm 


Reverse-Transfer Capacitance 

Cr88 


— 

100 

— 



Turn-On Delay Time 

td(on) 

Vdd = 75 V 

40(typ) 

60 

40(typ) 

60 


Rise Time 

tr 

< 

CM 

II 

O 

165(typ) 

250 

165(typ) 

250 

ns 

Turn-Off Delay Time 

td(off) 

RQen~RQ8~50 0 

90(typ) 

135 

90(typ) 

135 

Fail Time 

tf 

Vgs=10V 

90(typ) 

135 

90(typ) 

135 


Thermal Resistance Junction-to-Case 


RFL4N12, 

RFL4N15 

- 

15 


15 

°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 



1 LIMITS j 


SYMBOL 

1 RFL4N12 1 

1 RFL4N15 1 

UNITS 



KQjm 





Diode Forward Voltage 

VsD» 

IsD = 2A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A 

dip/dt = 100A//WS 

200(typ.) 

200(typ.) 

ns 


“Pulsed: Pulse duration=300/js max., duty cycle=2%. 




















































RFL4N12, RFL4N15 
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I 2 468 10 2 46 8|00 2 4 6 8 ,oo 

DRAIN - TO - SOURCE VOLTAGE { Vpg)— V 

92CM-36486R1 



F/gf. 7 - Maximum safe operating areas for all types. 



92CS-36487 

Fig. 2 - Power vs. temperature derating curve for all types. 



Fig. 4 - Normalizeddrain-to-source on resistance as a func¬ 
tion of junction temperature for all types. 



92CS-34359 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



Fig. 5 - Typical transfer characteristics for all types. 
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RFL4N12, RFL4N15 




DRAIN-TO-SOURCE VOLTAGE I Vds>-V 

92CS-34362RI 


Fig. 6 - Normalized switching waveforms for constant gate-current pig, 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260 




DRAIN-TO-SOURCE VOLTAGE (Vqs )—V 

92CS-36I56 


Fig. 8 - Typical draln-to-source on resistance as a function 
of drain current for all types. 



Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 


37il 



Fig. 10 ‘ Typical forward transconductance as a function of 
drain current for all types. 


Fig. 11 - Switching Time Test Circuit. 






















































































































^ HARRIS RFM4N35/4N40 

RFP4N35/4N40 

N-Channel Enhancement Mode 
August 1991 Power Field Effect Transistors 


Features 

• 4A, 350V and 400V 

• rDS{on) = 2n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM4N35 and RFM4N40 and the RFP4N35 and 
RFP4N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Packages 

TO-204AA 
BOTTOM VIEW 



TO-220AB 
TOP VIEW 


DRAIN 




(FLANGE) 

o 


-i-' '--fsi-'ja nDAIM 

u 


;-- riATC 


,— 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 




RFM4N35 

RFM4N40 

RFP4N35 

RFP4N40 

UNITS 

Drain-Source Voltage. 

.VdsS 

350 

400 

350 

400 

V 

Drain-Gate Voltage (Rqs “ . 

Continuous Drain Current 

.Vdgr 

350 

400 

350 

400 

V 

RMS Continuous. 

.Id 

4 

4 

4 

4 

A 

Pulsed Drain Current. 

..Idm 

8 

8 

8 

8 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tq = +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tq = +250C, Derate Linearly .. 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

... TJ,TSTG 

-55 to+150 

-55 to +150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ Number 1 491.1 

Copyright © Harris Corporation 1991 
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Spmerncations RFM4N35, RFM4N40, RFP4N35, RFP4N40 


ELEGTMOAL CHABAGTERtSTiCS, /Af Case Temperature (Tc) 25° G unless otherwise spectfied. 


characteristics 

SYMBOL 

■ ;-'TEST ^ 

CONDITIONS 

LIMITS 

UNITS 

RFM4N35 

RFP4N35 

RFM4N40 

RFP4N40 

MIN 

MAX. 

MIN. 

max. 

DrainrSoufce Breakdown Voltage ; 

BVdss 

Id= 1 mA 

^ Vgsfo ; 

S50v 

— 

400 

- 

i;yv/y' 

Gate Threshold Voltage 

VGs:(th^ 

Vgs-Vps' 

Id- 1 rhA 


4: 

;.2-- 

4 

■/■■:;V;/T 

Zero Gate Voltage Drain Current . 

Ipss 

Vds=280 V 
Vds=320 V 


10 

■■ 

10 


::Tc^A25°C 
Vps^:280 V. - 
: Vds=320V v 


100 


^ , . 

100 

Gate-Sourqe Leakage Current : 

loss 

,■ Vgs=±20V 
,Vds=0, 


100 

.' ; 

: too 

nA 

Drain-Source On Voltage 

Vpston)^ 

Id-2;A ■ 
Vgs=10V 




' ^4 r 

■ '' .Y'’- ' ■ 

; Id-4 A - 

vVgs-IOV 

■ _ 

12 

■ —' 

12 / ■ 

Static Drain-Source On Resistance 

rosCdn)^ 

; Id-2 A ; : - 
yGs-IO V 




, .'2 

Q 

Forward Transcohductance 

gts^ . ■ 

Vbs^lOV 
■ Id-2 A 


■ _ 4 . 



mho/, 

Input Capacitance 

' diss 

: :\/ds-25V 
Vgs-OV ' “ 

iMi MHz 


750 


750 


Output Capacitance 

, Coss 

■ ■■ ■— ■' 

' 150 


150 

Reverse Transfer Capacitance 

Crss 


100 

' 

? too 

Turn-On Delay Time , 

to (on ) 

; VbD=200V 
' , \o=^2A 
Rgen-Rgs-Sb Q , 

. :VGa=iaV 

12 (typ) 

. .45 ' ‘ 

:T2(typ) 

:^45y 

ns ’ 

Rise Time 

:■' tr ^ ■ 

42(typ) 

60 , 

r 42(typ) 

eo // 

Turh-dff Delay Time 

tci(off) 

.130(typ)' 

'200 

:130(typ)! 

200 • / 

Fall Time 

■ ■ 

62(typ) 

100 

: 02(typ) 

100 : 

Thermal Resistance 

Junction-to-Case . 

R^jc. ■ 

. RFM4N35, 
RFM4N40 


1.67 


1.67 : 

°cm 

RFP4N35. 

RFP4IM40 


2 083 


2083 ; 


SOURCE-DRAII^ DI©pE RATINGS AND CHARACTERlSTiCS 


gharacteristjc 

SYMBCL 

■ TEST'.,... 

CONDITIONS 

'■■■LIMITS'",''.v' 

UNITS 

RFM4N35 

RFP4N35 

RFM4N40 

RFP4N40 

MIN. 

MAX. 

MIN; 

MAX. 

Diode Forward Voltage 

VsD ^ 

Isd-2 a 


■ 1 •4 ' ■ • 


1.4 : 

V : 

Reverse Recovery Time 

.' ■'/: ;/" ' 

If=4 A 

diF/dt=100 A//iS 

800(typ) 

800(typ) 

• ns- 


^Pulsed; Pylse duration = 300 //S rhax., duty cycle^= 2%; 
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POWER MOSFETs 















































































































































VdS 


RFM4N35, RFM4N40. RFP4N35, RFP4N40 




Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 



Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 



Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 7 — Typical saturation characteristics for all types. 



DRAIN-TO-SOURCE VOLTAGE (Vqs)— V 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


loon 



Fig. n — Switching Time Test Circuit 
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RFP4N100 


August 1991 


High Voltage N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 4.3A, 1000V 

• •'DS(on) = 3 . 5 a 

• UlS SOA Rating Curve (Single Pulse) 

• - 550 c to +150OC Operating Temperature 

Description 

The RFP4N100 is an n-channel enhancement mode 
silicon-gate power field effect transistor. It is designed for 
use in applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high 
power bipolar switching transistors requiring high speed 
and low gate-drive power. This type can be operated 
directly from an integrated circuit. 

The RFP4N100 is supplied in the JEDEC TO-220AB 
plastic package. 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 

Drain-Source Voltage, VqsS...^ OOOV 

Drain-Gate Voltage, (Rqs ^ ^dgR .^ OOOV 

Gate-Source Voltage, Vqs . ± 20V 

Drain Current: 

RMS Continuous, Ip.4.3A 

Pulsed, IpM. 

Single Pulse Avalanche Rating, Refer to UlS SOA Curve. 490mJ 

Power Dissipation, Pq: 

Tc = +250C. 150W 

DerateAboveTc = +250C .0.83W/OC 

Operating and Storage Junction 

Temperature Range, Tj, T3TG.+150OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 


















Specifications RFP4NJ00 


Electrical Characteristics (Tq = 250C), Unless Otherwise Specified 


CHARACTERISTICS 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Forward Transconductance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 


Thermal Resistance Junction to Case 


Thermal Resistance, Junction to Ambient 


SYMBOL 


BVqss 


VgS(TH) 


'dss 



TEST CONDITIONS 


Id = 0.25mA, Vqs = OV 


VqS = Vds. Id = 0.25mA 


Vgs = ov 


Vds = ^ OOOV Jq = 2 50c 


Vds = 800V Tc = 150OC 


Vgs = ±20V 


Id = 2.5A,Vgs = 10V 


ID = 2.5A,Vds=100V 


Vdd = 500V, I = 3.9A 
RG = 9.1 fl 

RD = 1 2 on 
See Figure 14 


Id = 3.9A, Vds = 800V, Vgs = 10 V 




li 

I 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 


Forward Voltage 


Reverse Recovery Time 


SYMBOL 


VsD 



TEST CONDITIONS 


■SD = 


Ip = 3.9A, d|F/dT = 100 A/fis 


LIMITS 


MIN MAX. 



Pu 

Ise DuralU 

)n=250us. D 

uig Cgcle=2 

Z. Tc=25°C 





Vgs“6V 

(of 

05 ' 














Vps=5V 



j 








. 




Vgs-4V 







..Pulse Width=250ue. Dutu CucIb ZZ 



100 200 300 400 500 

DRflIN-TO-SOURCE VOLTAGE - V 


2 4 6 

GRTE-TO-SOURCE VOLTRGE - V 


FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 


FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 































































































REVERSE DRAIN CURRENT - A -n POWER DISSIPATION 


RFP4N100 


Pulse Duration»250us, Duty Cycle'>2Z. Tc“25X 

-] I .. I 







/ 





/ 




Vg8-4V 


DRRIN-TO-SOURCE VOLTR0E - V 

FIGURE 3. TYPICAL SATURATION CHARACTERISTICS 


CASE TEMPERATURE 



DRAIN-TO-SOURCE VOLTAGE - V 

FIGURE 4. MAXIMUM SAFE OPERATING AREA 



PULSE DURRTION = 250uS. DUTY CYCLE = 21 Vn.. - >70V 


25 50 75 100 125 

CASE TEMPERATURE - C 


IGURE 5. POWER vs. TEMPERATURE DERATING CURVE 



2 3 4 

DRAIN CURRENT - A 


FIGURE 6. TYPICAL FORWARD TRANSCONDUCTANCE 



0.3 0.6 0.9 1.2 

SOURCE-TO-DRflIN VOLTAGE - V 


FIGURE 7. TYPICAL SOURCE-TO-DRAIN DIODE FORWARD 
VOLTAGE 



-40 -20 0 20 40 60 80 100 120 140 160 

JUNCTION TEMPERATURE - °C 


FIGURE 8. BREAKDOWN VOLTAGE vs TEMPERATURE 
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N-CHANNEL 
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RFM6N45/6N50 

RFP6N45/6N50 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 

• 6A, 450V and 500V 

• •'DSCon) = 1-25n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM6N45 and RFM6N50 and the RFP6N45 and 
RFP6N50 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


Packages 


TO-204AA 
BOTTOM VIEW 



TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 


o 


• SOURCE 

• DRAIN 
•GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 




RFM6N45 

RFM6N50 

RFP6N45 

RFP6N50 

UNITS 

Drain-Source Voltage. 

.Vdss 

450 

500 

450 

500 

V 

Drain-Gate Voltage (Rqs = . 

Continuous Drain Current 

.Vdgr 

450 

500 

450 

500 

V 

RMS Continuous.. 

.Id 

6 

6 

6 

6 

A 

Pulsed Drain Current. 

.Idm 

15 

15 

15 

15 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

100 

100 

75 

75 

W 

Above Tq = +250C, Derate Linearly .. 


0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

... TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should I 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 














Specifications RFM6N45, RFM6N50, RFP6N45, RFP6N50 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 





LIMITS 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

RFM6N45 

RFP6N45 

RFM6N50 

RFP6N50 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Id" 1 mA 

Vgs=0 

450 

— 

500 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs-Vds 

Id=1 mA 

2 

4 

2 

4 

V 

Zerp Gate Voltage Drain Current 

loss 

Vds=360 V 

— 

10 

— 

— 



Vds=400 V 

— 

— 

— 

10 




Tc=125°C 
Vds=360 V 


50 






Vds-400 V 

— 

— 

— 

50 


Gate-Source Leakage Current 

less 

Vgs=±20 V 

— 

100 

— 

100 

nA 


Vds=0 






Drain-Source On Voltage 

VDs(on)" 

Id=3 A 
Vgs-10V 

— 

3.75 

— 

3.75 

V 



Id-6 A 
Vgs-10V 

— 

12 

— 

12 


Static Drain-Source On Resistance 

rDs(on)" 

Id=3A 

Vgs=10 V 

— 

1.25 

— 

1.25 

Q 

Forward Transconductance 

Qfs^ 

Vds=10 V 

2 

— 

2 

— 

mho 


Id-3 a i 






Input Capacitance 

Ciss 

Vds-25 V 

— 

1500 

_ 

1500 


Output Capacitance 

Coss 

Vgs=0 V 

— 

250 


250 

PF 

Reverse Transfer Capacitance 

Crss 

f=1 MHz 

— 

200 

— 

200 


Turn-On Delay Time 

td(on) 

Vdd - 250 V 

15(typ) 

45 

15(typ) 

45 


Rise Time 

tr 

Id-3 A 

40(typ) 

80 

40(typ) 

80 

ns 

Turn-Off Delay Time 

td(Off) 

Rgen~Rgs“50 0 

190(typ) 

300 

190(typ) 

300 

Fall Time 

tf 

Vgs-10 V 

60(typ) 

100 

60(typ) 

100 


Thermal Resistance 

R^jc 

RFM6N45, 

— 

1.25 

— 

1.25 


Junction-to-Case 


RFM6N50 





°C/W 



RFP6N45, 

RFP6N50 

— 

1.67 

— 

1.67 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





[ LIMITS I 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM6N45 

RFP6N45 

RFM6N50 

RFP6N50 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD« 

IsD = 3A 

- 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

1 

trr 

If - 4A 

dip/dt ^ 100A//iS 

800(typ.) 

800(typ.) 

ns 


"Pulsed: Pulse duration = 300 ^^s max., duty cycle = 2%. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 


RFM6N45, RFM6N50, RFP6N45, RFP6N50 


<00 g CASE TEMPERATURE (Tc) = 25“CH; 
6 (CURVES MUST BE DERATED 
■ LINEARLY WITH INCREASE IN I 
4 TEMPERATURE) & 



Vdss (MAX) ^ 450V RFM6N45, RFP6N45 


Vdss (MAX) - 500V RFM6N50, RFP6N50 




4 6 8 Z 4 6 6 2 

-10 -100 
DRAIN-TO-SOURCE VOLTAGE {Vos> —V 

92CS-37116R1 


f ig, 1 Maximum operating areas for all types. 



Fig. 2 —' Power dissipation vs..ternpe.rat'ure. derating curve Fig. 3 — Typical normalized gate threshold voltage as a function 

for all types.: , ■ , of junction temperature for all types. 



92CS-37I20 


4 — Normalized di:ain"-to-sburce on resistance to junction : • Fjg. 5 — Typical transfer characteristics for all types, 

temperature for alf types. _ . 
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RFM7N35/7N40 

RFP7N35/7N40 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 

• 7A, 350V and 400V 

• ^’DSCon) = 0.75n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 

TO-204AA 
BOTTOM VIEW 



Description 

The RFM7N35 and RFM7N40 and the RFP7N35 and 
RFP7N40 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 
> DRAIN 
>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage (Rqs = 1 _ 

Continuous Drain Current 

RMS Continuous. 

Pulsed Drain Current. 

Gate-Source Voltage . 

Maximum Power Dissipation 

Tc = +250C. 

Above Tq = +250C, Derate Linearly 

Operating and Storage Junction. 

Temperature Range 



RFM7N35 

RFM7N40 

• • VdSS 

350 

400 

•••VdGR 

350 

400 

. *D 

7 

7 

.Idm 

15 

15 

• • • • Vqs 

±20 

±20 

.Pd 

100 

100 


0.8 

0.8 

TJ,TSTG 

-55 to+150 

-55 to+150 


RFP7N35 

RFP7N40 

UNITS 

350 

400 

V 

350 

400 

V 

7 

7 

A 

15 

15 

A 

±20 

±20 

V 

75 

75 

W 

0.6 

0.6 

W/OC 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg Number 1 S36 1 
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N-CHANNEL 
POWER MOSFETs 














Specifications^ RFM7N35, RFM7N40, RFP7N35, RFP7N40 


ELECTRICAL CHARACtERISTICS, At Case Temperature {Tc)r25° C unless otherwise specified 


Characteristic , 

SYMBOL 

TEST 

CONDITIONS 


UNITS 

RFM7N35 

RFP7N35 

RFM7N40 

RFP7N40 

Min. 

Max. 

Minv 

Mak. 

Drain-Source Breakdown Voltage 

BVdss/ 

: 1d=t mA : 

: :: 

350 : ^ 


400 

■' 

y- 

Gate-Threshold Voltage 

;VGs(th) . ^ 

. VGS=Vbs 

Id=1 mA 


4;..' 


• 4 

, ; ; 

y 

Zero-Gate Voltage Drain Currerit 

loss 

■ Vds= 280 V 
Vbs=320V 


'1 . ’ 

' —’'. 


pA 

Tc=125°C 
Vds=280 V ^ 

Vds-320 V : 


50 


50 

Gate-Source Leakage Current 

less 

; VGs-±2d V 
Vds=0 


100 

— 

ipo 

nA 

Drain-Source On Voltage 

VDs(on)® : 

lp-3.5 A 
Vgs=10 V 


2^63 


2.63 


r Id=7:A /' 

Vgs=10V . • 

— , 

10 

' ■ ' ■■ 


Static Drain-Source Or) Resistance 

rDs(on)^ 

f b-3.5 A 


0.75 


0.75 

Q 

Forward Transconductance 


Vos^iOV . 

^ ^ 10=3.5A, :: 

2 - ■: 



■ ■ 

mho 

Input Capacitance 

Ciss 

Vds= 25 y , , 

Vgs=8 V 

f^ 1 MHz , 


1600 


1600 

pF 

Output Capacitance 

poss 

— , 

300 / 


; 300 : 

Reverse-Transfer Capacitance 

Griss 




200 

Turn-On Delay Time 

Mori) r 

Vp^=200 V 

•. ■".io=3:5''A. 

Rgen-Ras-dOQ , 
Vgs=i ov ; 

Wityp)\ 

,45\ 

l@(typ) 

; 45 ; 

ns 

Rise Time 

'"'tr 

54(typ) 


34(typ): 


Turn-Off Delay Time 

:t<i(off). 

170(fyp) 

250 : 

170(typ) 

250 

Fall Time 

tf. /' 

62(typ), 

100 

62(typ) 

1 Q0' 

Thermal Resistance Junction-to-Case 


RFM7N35; 

RFM7N4b 


1.25 

- 

1.25 

°C/\N: 

RFP7N35; " : 
FiFP7N40 - 


1.67 

- 

1.67 . 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERIsflCS 


CHARACTERISTIC 

SYMBOL 

' V^- test; 
CONDITIONS 

LIMITS 

UNITS 

• , 

RFM7N35 

RFP7N35 

RFM7N40 

RFP7N40 

Min, 

Max. 

Min. 

Max. 

Diode Forward Voltage 

VSD^ 

lst)=3.5A, 


1.4 

— 

1.4 ; 


Reverse Recovery Timp ; 

trr . 

If=4A 

dir/dt“100 A/ps - 

870 (typ) 

'ns 


, ®Pulsed; Pulse duration=30b ^[S max., duty cycle=2%. 
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RFM7N35. RFM7N40, RFP7N35, RFP7N40 



10 100 
DRAIN-TO-SOURCE VOLTAGE (Vps)-'A 

92CM-37603 

Fig. 1 - Maximum safe operating areas for all types. 
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0 50 lOO ISO 

CASE TEMPERATURE (Tq) — “C 

92CS-37734 



Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 
for all types. of junction temperature for all types. 



Fig. 4 - Normalized drain-to-source on resistance as a function 
of junction temperature for ail types. 



Fig. 5 - Typical transfer characteristics for ail types. 
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N-CHANNEL 
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FORWARD TRANSCONDUCTANCE {gfs)-mho 
















































































































^ HARRIS RFM10N12/10N15 

RFP1 ONI 2/1 ONI 5 

N-Channel Enhancement Mode 
August 1991 Power Field Effect Transistors 


Features 

• 10A, 120V and 150V 

• »'DS(on) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 



Description 

The RFM10N12 and RFM10N15 and the RFP10N12 and 
RFP1 ON 15 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from Integrated circuits. 

The RFM-types are supplied In the JEDEC 
TO-204AA steel package and the RFP-types in the JEDEC 
TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 




RFM10N12 

RFM10N15 

RFP10N12 

RFP10N15 

UNITS 

Drain-Source Voltage. 

.VdsS 

120 

150 

120 

150 

V 

Drain-Gate Voltage (Rqs * 1 mn). 

Continuous Drain Current 

.vdgr 

120 

150 

120 

150 

V 

RMS Continuous.. 

. Id 

10 

10 

10 

10 

A 

Pulsed Drain Current.. 

.Idm 

25 

25 

25 

25 

A 

Gate-Source Voltage .. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tq = +250C, Derate Linearly .., 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction.. 

... TJ,TSTG 

-55 to +150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling orocedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 














Specifications RFM10N12, RFM10N15, RFP10N12, RFP10N15 


electrical characteristics At Case Temperature (Tc) = 25°C unless otherwise specified 




/ 

LIMITS 





RFM10N12 

RFM10N15 




TEST 

RFP10N12 

RFP10N15 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 


Id = 1 mA 

Vqs — 0 

— 

120 

B 

150 

B 

V 

Gate Threshold Voltage 


Vgs = Vds 

Id = 2 mA 

D 

B 

B 

B 

V 



Vds =100 V 


D 


H 


Zero Gate Voltage Drain Current 


Vds = 120 V 


H 


B 






^■l 


pA 






■1 


50 


Gate-Source Leakage Current 

less 


■ 

mil 

- 

100 

nA 

Drain-Source On Voltage 

VDs(on)“ 

Id = 5 A 

Vgs =10 V 

■ 

B 

B 

1.5 

\/ 

Id = 10 A 

Vgs =10 V 

B 

B 

B 

B 

V 

Static Drain-Source On Resistance 

rDs(on)® 


- 

0.3 

- 

0.3 

Q 

Forward Transconductance 

« a 

Qfs 



B 

B 

B 

mho 

Input Capacitance 

Ciss 

Vds=25 V 

— 


B 



Output Capacitance 

Coss 

Vgs = 0 V 

— 




PF 

Reverse Transfer Capacitance 

Crss 

lf= 1MHz 

— 

100 

im 



Turn-On Delay Time 

td(on) 

Vdd=75 V 

40(typ.) 

60 

40(typ.) 

60 


Rise Time 

tr 

Id = 5 A 

165(typ.) 

250 

165(typ.) 

250 

ns 

Turn-Off Delay Time 

td(off) 

Rgen = Rgs = 50 0 

90(typ.) 

135 

90(typ.) 

135 


Fall Time 

tf 

< 

O 

CO 

II 

O 

< 

90(typ.) 

135 

90(typ.) 

135 




RFM10N12, 

mi 

1.67 

m 

1.67 


Thermal Resistance 

R^JC 

RFM10N15 



°C/W 

Junction-to-Case 

RFP10N12, 

RFP10N15 

- 

2.083 

- 

2.083 


“Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM10N12 

RFP10N12 

RFM10N15 

RFP10N15 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

Isd=5 a 

— 

1.4 

_ 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

diF/dt=100 A/ps 

200(typ) 

200(typ) 

ns 


Pulse Test: Width < 300 ps, Duty Cycle < 2%. 
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RFM10N12. RFM10N15, RFP10N12, RFP10N15 



2 468 2 468 

I 10 100 

DRAIN-TO-SOURCE VOLTAGE (Vqs) “V 


92CS-36157R1 


Fig. 1 — Maximum safe operating areas for all types. 



92CS-34359 



Fig. 2 — Power vs. temperature derating curve for all types. 



Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



Fig. 4 - Normalized drain-to-source on resistance to junction tern- Fig. 5 — Typical transfer characteristics for all types, 

perature for all types. 






























































































































Vds 


RFM10N12, RFM10N15, RFP10N12, RFP10N15 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 



Fig. 8 - Typical drain-to-source on resistance as a function drain 
current for all types. 



DRAIN-TO-SOURCE VOLTAGE ( VqsJ-V 

92CS-34362RI 

Fig. 7 — Typical saturation characteristics for all types. 



Fig. 9 — Capacitance as a function of drain-to-source voltage for 
all types. 



Fig. 10- Typical forward transconductance as a function of 
drain current for all types. 



Fig. 11 — Switching Time Test Circuit 
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RFH10N50 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 

• 10A, 450V and 500V 

• »‘DS{on) = o.en 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 

Description 

The RFH10N45 and RFH10N50 n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These transistors can be 
operated directly from Integrated circuits. 

The RFH types are supplied in the JEDEC TO-218AC 
plastic package. 


Packages 


TO-218AC 
TOP VIEW 



• SOURCE 

• DRAIN 
.GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage (Rqs = ■ 

Continuous Drain Current 

RMS Continuous. 

Pulsed Drain Current. 


Maximum Power Dissipation 


Above Tq = +250C, Derate Linearly 



RFH10N45 

RFH10N50 

UNITS 

• • • VdSS 

450 

500 

V 

•■•VdGR 

450 

500 

V 

.Id 

10 

10 

A 

.Idm 

20 

20 

A 

• • • • vqs 

±20 

±20 

V 

.pd 

150 

150 

W 


1.2 

1.2 

W/OC 

Tj.TstG 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH10N45, RFH10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25° C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH10N45 

RFH10N50 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

BVdss 

Id = 10 mA 

450 

- 

500 


V 

Voltage 


Vgs = 0 






Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

2 

4 

2 

4 




Id = 1 mA 






Zero Gate Voltage Drain 

loss 

Vds = 360 V 

— 

1 

- 

— : 


Current 


Vds = 400 V 

- 

- 

- 

1 




Tc= 125°C 








Vds = 360 V 

— 

50 

- 

- 




Vds = 400 V 

— 

— 

— 

50 


Gate-Source Leakage 

less 

Vgs = ± 20 V 

— 

100 

- 

100 

nA 

Current 


o 

II 

> 






Drain-Source On Voltage 

< 

o 

CO 

o 

Id = 5A 

- 

3.0 

- 

3.0 




Vgs = 10 V 





y 



Id = 10 A 

— 

10 

— 

10 




Vgs= 10 V 






Static Drain-Source On 

rDs(on)a 

Id = 5A 

— 

0.6 

— 

0.6 

0 

Resistance 


Vgs= 10 V 






Forward Transconductance 

gf3® 

Vds = to V 

5 

- . 

5 

. - 

mho 



o 

II 

cn 

> 






Input Capacitance 

Ciss 

Vds = 25 V 

— 

3000 

— ' ’■■■■ 

3000 ; 


Output Capacitance 

Goss 

Vgs = 0 V 

— 

600 


600 

pF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— ^ 

200 


: :200i 


Turn-Oh Delay Time 

td(on) 

Vds = 250 V 

26{typ) ' 

60 

26(typ) 

60 ;■ 


Rise Time 

tr 

o 

II 

cn 

> 

50(typ) 

too 

50(typ) 

100 

ns 

Turn-Off Delay Time 

td(off) 

Rgen“Rgs~'50O 

525(typ) 

900 

525(typ) 

900 

Fall Time 

tf 

Vgs= 10 V 

105(typ) 

180 

105(typ) 

180 


Thermal Resistance 

R^jc 

RFH10N45, 






Junction-to-Case 


RFH10N50 

— 

0.83 

— 

0.83 1 

?C/W 



Series 







^Pulsed: Pulse duration = 300 /js max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFH10N45 

RFH10N60 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

< 

CO 

o 

IsD - 5A 

- 

1.4 


• 1.4 ’ 

V 

. Reverse Recovery Time 

trr 

lF = 4A, d,F/dt= 100 A/fJs 
_ ___i 

950 (typ.) 

950 (typ.) 

ns 


*' Pulse Test: Width < 300 fjs, Duty cycle < 2%. 
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RFH10N45. RFH10N50 
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Fig. 1 - Maximum safe operating areas for all types. 




Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 

junction temperature for all types. 


« 30 



EEEEEE EEEEEEEEEEEEEI 

:::::: b:::::::::::: 


< 


HeeIeeII 

EEiilEEiiiiEliilEiiiiiililiiii 

eIIIeE ijjEEfEESEjjij 

[[1111 [[[[[[[[[[[Hi 


cr 

z 

o 

S 2.0 

<r ,—. 

|i 

p's 1.5 

z ' 

< 

Q 1.0 

::::::::::::::: 

::::::::::::::: 

lEEEEEEEEEEEEE; 

ilElilEEEliiiil 

II iilll 


u:::::::::::::: 

[[[[[[[[[[[[[[i 

EESEEEEEEEEEEE 


::::::::::::: 

:::::EEEEE::[ 

EEEEEEEEEEEE: 

IEEE EEEE: 

ieeI eIeIe 

m eeiie 

::EE:iii: 

EE: EEPI: IEEEEEEEEEIEEEEEIEE; EE 

.’aEEEEEEEESEEEEEEEEEEEEEEEEEEE 

EEEllEjEiilHIililEEEEEjljl 

EiEEEEEEiSEEiEEEEEHEEEEESEEEi 

[ElSSEllElSEiEEEiili 

EEEEEEEEEEEEEEEEEE||I 

EEESEEEEEEEEEjElEEEE! 


< 0.5 

2 

i 

:;%::::!EEH 

::::::::::::: 

::::::::::::: 

EEEEEEEli 

111 

Iliillliiiliiliiil! 

EliilEEElEEElplilElEllllll 

[lllElElllllliffllll! 

EEEEEEEEEEEEEEEEEEEE! 

EEEEEEEEEEEEEEEEEEEE! 


■■ESEiiSiSiSi 

EEEEEEEEE 

EEESEEEEiEEEEEEElEEEiEISSEESES 

EEEEEESESEEESEEEEESS! 



-50 0 50 lOO 150 200 250 300 

JUNCTION TEMPERATURE (Tj) —"C 

92CS-37058 


< 24 

1 

Vos'25 
PULSE 
PULSE 
DUTY C 

V 

TEST 

DURA! 

YCLE 

rioN 

<2“/ 

= 80 

■ 

:::::::::::::: 

:::::::::::::: 

EEEEEEEEEEEEEE 

EEEEEEEEEEEEEE 

EEEEE::::::::: 

EEEEEEEEEEEEEE 

:::::::::::::: 

■ 

i 



EEE: 


!::::! 



'q 

z 

(C 

3 

■■■■■■•■■a 

:::::::::: 

EE!::::::! 

: I 

EEEE 

[[[ 

![[ 


[[[[[[ 

EEEEEE 

EEEE EEEEEEEEE 
•riEE EEEEEEEEE 

ill iiiiiiiii 

EE EEEEEEEEE 

ss ssssssssssssss 

ss s;;sRsssssss:| 

EE EEEEEEEEEEEEEE! 

z 

< 

o 8 

< 

^ 4 

z 

o 

!!!!!!!!!! 

iliiiiiii! 

E[EE[[E|E! 

: ■ : 

!!!!!!!! 

!::ii:ii 

:::::::: 

Iiii! 

EEEEEEEE 

[[[[[HlnilnllH 

E| 

1 

EEEEE 

: 

I![::I:es 

:: ::::::::: 
t :: ::::::::: 

:: EEEEEEEEEE:::: 

EE EEEEEEEEEE::::! 

:: ::|:::::::EE:: 

iiii 

f [|[[E[[[[[[lii 



eeeeeIe! 

!»j|S|g 


II 

mig 


GATE-TO-SOURCE VOLTAGE (Vqs' —V 


92CS-37059 


Fig. 4 - Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types, 

temperature for all types. 
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RFH10N45, 



Fig. 6 “ Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 



92CS-37062 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 



01 23456789 10 

DRAIN CURRENT (Iq) —A 

92CS- 37064 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 











































































CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 1 788 

Copyright © Harris Corporation 1991 
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Specifications RFM10N45, RFM10N50 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25® C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM10N45 

RFM10N50 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 10 mA 

Vgs = 0 

450 

— 

500 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

Id = 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain 

Current 

loss 

Vds = 360 V 

Vds = 400 V 

— 

1 

— 

1 

M 

Tc= 125°C 

Vds = 360 V 

Vds = 400 V 

- 

50 

- 

50 

Gate-Source Leakage 

Current 

Igss 

Vgs = ± 20 V 

Vds = 0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)* 

Id = 5 A 

Vgs = 10 V 

— 

3.0 

— 


V 

Id= 10A 

Vgs = 10 V 

— 

10 

— 


Static Drain-Source On 

Resistance 

rDs(on)® 

Id = 5A 

Vgs = 10 V 

— 

0.6 

— 

0.6 

O 

Forward Transconductance 

gt*® 

Vds = 10 V 

Id = 5 A 

5 



— 

mho 

Input Capacitance 

Ciss 

Vds = 25 V 

Vgs = 0 V 

f = 1 MHz 

— 




pF 

Output Capacitance 

Coss 

— 


— 

600 

Reverse Transfer Capacitance 

Crss 

— 

200 

— 

200 

Turn-On Delay Time 


Vds = 250 

Id = 5 A 

Rgon” Rg8~50O 

Vgs = 10 V 


60 


60 

ns 

Rise Time 

tr 

■iniiriiHl 

100 

miiiimu 

100 

Turn-Off Delay Time 

td(Off) 


900 

525(typ) 


Fall Time 

tf 


180 

105(typ) 

180 

Thermal Resistance 
Junction-to-Case 

Rftjc 

RFM10N45, 

RFM10N50 

Series 

- 

0.83 

- 

0.83 

®C/W 


^Pulsed: Pulse duration = 300 /ys max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFM10N45 

RFM10N50 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD 

IsD = 5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, dip/dt = 100 A/yus 

950 typ. 

950 typ. 

ns 


* Pulse Test: Width < 300 //s, Duty cycle < 2%. 
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VdsS'''''AX)=450 V(RFM|0N45) 


VDSstMAX)= 500 V (RFMI0N50) 
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Fig. 4 •< Normalized drain^to-source on resistance to junction 
temperature forali types. 
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Fig. 5 - Typical transfer characteriSttcs for all types. 

























































































































































RFM10N45, RFM10N50 



Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260. 



Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-tosource voltage for 
drain current for all types. all types. 
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Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 
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Features 


RFD3055, RFD3055SM 

RFP3055 

12A, 60V, Avalanche Rated, N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 


Packaging 


'’ds(ON) = 0.150Q 

Temperature Compensating PSPICE Model 
Peak Current vs Pulse Width Curve 


JEDEC TO-220AB 
TOP VIEW 


13 O 



• UiS Rating Curve 

• +175°C Operating Temperature 

Description 

The RFD3055, RFD3055SM and RFP3055 N-Channel 
power MOSFETs are manufactured using the MegaFET pro¬ 
cess. This process, which uses feature sizes approaching 
those of LSI integrated circuits gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regula¬ 
tors, switching converters, motor drivers, relay drivers and 
emitter switches for bipolar transistors. These transistors 
can be operated directly from integrated circuits. 

The RFD3055 is supplied in the JEDEC TO-251AA plastic 
package, the RFD3055SM is supplied in the JEDEC 
TO-252AA plastic package and the RFP3055 is supplied in the 
JEDEC TO-220AB plastic package. Due to space limitations 
the RFD3055 and RFD3055SM are branded FD3055. 

When ordering use the entire part number; eg. Symbol 
RFD3055SM. 

Developmental type TA49082. 


JEDEC TO-251AA 
TOP VIEW 



Absolute Maximum Ratings (Tq = +25°C), Unless otherwise Specified 

Drain Source Voltage... Vqss 

Drain Gate Voltage. Vdqr 

Gate Source Voltage. Vqs 

Drain Current 

RMS Continuous. Id 

Pulsed Drain Current. Iqm 

Pulsed Avalanche Rating.E^s 

Maximum Avalanche Current.I^j^ 

Power Dissipation 

Tc = +25°C. Pq 

Derate above +25°C. Pj 

Operating and Storage Temperature. Tsjg. Tj 



JEDEC TO-252AA 
TOP VIEW 




RFD3055, RFD3055SM, RFP3055 
60 
60 
±20 


Refer to Peak Current Curve 
Refer to UIS Curve 
30 


53 

0.357 

-55 to +175 


Copyright © Harris Corporation 1994 
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Specifications RFD3055, RFD3055SM, RFP3055 


Electrical Specifications Tq = +25°C, Unless otherwise Specified 


TEST CONDITIONS 


Vqs = Vqs, Id = 0.25mA 


Tc = +25°C 


PARAMETER 

SYMBOL 

Drain-Source Breakdown Voltage 

BVqss 

Gate Threshold Voltage 

Vgs<th) 

Zero Gate Voltage Drain Current 

■ 

Gate-Source Leakage Current 

•gss 

On Resistance 

•'DS(0N) 

Turn-On Time 

Ion 

Turn-On Delay Time 

Id(on) 

Rise Time 

Ir 

Turn-Off Delay Time 

Id(off) 

Fall Time 

If 

Turn-Off Time 

Iqff 

Total Gate Charge 

Qg(TOT) 

Gate Charge at 10V 

Qg(10) 

Threshold Gate Charge 

Qg(TH) 

Plateau Voltage 

V(PUTEAU) 

Input Capacitance 

C|SS 

Output Capacitance 

Cqss 

Reverse Transfer Capacitance 

Crss 

Thermal Resistance Junction to Case 

Bejc 

Thermal Resistance Junction to Ambient 

BejA 


Vds = 60V, 
Vgs=:0V 


Tc = +150°C 


Id = 12A,Vgs = 10V 


Vdd = 30V, Id=12A 
RL = 2.5a,VGs = +10V 
Rqs = "I OO 



19 

23 

10 

12 




TO-251 and TO*252 Package 


TO-220 Package 


Source-Drain Diode Ratings and Characteristics 





■\v'LIMITS',' 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

MiN 

■ ,'TYP 

MAX 

UNITS 


Forward Voltage 


Reverse Recovery Time 


so = 12A 


Irr I IsD ~ 12A, dlGp/dt = 100A/ps 




























































































































DRAIN CURRENT (A) Ip, DRAIN CURRENT 


RFD3055, RFD3055SM, RFP3055 



TRANSCONDUCTANCE 
MAY UMIT CURRENT 
IN THIS REGION 


25 50 75 100 125 150 175 

Tc, CASE TEMPERATURE (°C) 

3URE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


PULSE DURATION = 250^8 Tc = +25°C 



-1 10 ° 10 ^ 102 
t, PULSE WIDTH (ms) 


FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE TEST / / o 

PULSE DURATION s 250^8 -5^°^ / / +25 C 

DUTY CYCLE s 0.5% MAX / / j 




Yds, drain-to-source voltage (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


Vqs. GATE-TO-SOURCE voltage (V) 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD305S, RFD3055SM, RFP3055 






-80 ^0 0 40 80 120 160 2( 
Tj, JUNCTION TEMPERATURE (^C) 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


0 25 50 75 1 00 1 25 150 

Tc, CASE TEMPERATURE (°C) 

FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 





C|ss 






i^ CoSS ^ 



Crss 




— 1 1 


0 5 10 15 20 

Vds> DRAIN-TO-SOURCE voltage (V) 

FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 



Lo.75BVoss 0.75BVdssJ 

^-0.50 BVqss 0.50 BVqss-^ I 

— 0.25 bVqss 0.25 bVqss 

Rl*5G 

•gkreF) = 0.24mA 
Vgs = 10V 


Ig(ref) Ig(ref) 

20-^^^- - t, TIME (ns) 80-^^- - 

•gkact) Ig(act) 

FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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Vgs, gate-source voltage (V) 







RFD3055, RFD3055SM, RFP3055 


Typical Performance Curves (Continued) 



0.001 0.01 0.1 1 
Iav.TIME in avalanche (msec) 

FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 


bVdss 



Vds 



FIGURE 14. UNCLAMPED ENERGY WAVEFORMS FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 



Vdd 



FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 















RFD3055, RFD3055SM, RFP3055 


PSpice Model Listing 

Temperature Compensated PSPICE Model for the RFD3055, RFD3055SM, RFP3055 

.SUBCKT RFP3055 2 1 3; rev 10/26/93 

CA 12 8 0.540e-9 
CB 15 14 0.540e-9 
CIN 6 8 0.300e-9 

□BODY 7 5 DBDMOD 
□BREAKS 11 DBKMOD 
DPLCAP10 5 DPLCAPMOD 

EBREAK11 7 17 18 67.9 
EDS 14 85 8 1 
EGS 13868 1 
ESG6 1068 1 

EVTO20 6 18 8 1 GAl 

IT8 17 1 

LORAIN 2 5 1e-9 
LGATE 1 9 4.61 e-9 
LSOURCE3 7 4.61 e-9 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

RBREAK17 18RBKMOD 1 
RDRAIN 50 16 RDSMOD 1e-4 
RGATE 9 20 7.23 
RIN6 8 1e9 

RSCL1 5 51 RSLVCMOD1e-6 
RSCL2 5 50 1e3 
RSOURCE 8 7 RDSMOD 108e-3 
RVTO 1819 RVTOMOD 1 

S1A6 12 13 8S1AMOD 
S1B13 12 138S1BMOD 
S2A6 15 14 13S2AMOD 
S2B13 15 14 13S2BMOD 

VBAT8 19DC 1 
VTO216 0.5 

ESCL 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5.5irie6/30.6.5))} 

.MODEL DBDMOD D(IS=4.33e-14 RS=2.78e-2 TRS1=1.10e-3 TRS2=5.19e-6 CJO=3.94e-10 TT=7.63e-8) 
.MODEL DBKMOD D (RS=0.676 TRS1=1.94e-3 TRS2=-1.09e-6) 

.MODEL DPLCAPMOD D (CJO=0.238e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=4.078 KP=12 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.92e-6) 

.MODEL RDSMOD RES (TC1=5.03e-3 TC2=1.53e-5) 

.MODEL RSLVCMOD RES (TCl=2.2e-3 TC2=-5e-6) 

.MODEL RVTOMOD RES (TC1=-5.02e-3 TC2=-9.16e-6) 

.MODEL SIAMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-6.5 VOFF=-3.5) 

.MODEL SI BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-3.5 VOFF=-6.5) 

.MODEL S2AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-2.50 VOFF=2.50) 

.MODEL S2BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=2.50 VOFF=-2.50) 

.ENDS 

NOTE: For further discussion of the PSPiCE mode! consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Global 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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RFM12N08/12N10 

RFP12N08/12N10 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 

• 12A, 80V and 100V 

• roSCon) = 0-2^^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 

(FLANGE) 


Description 

The RFM12N08 and RFM12N10 and the RFP12N08 and 
RFP12N10 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-series types are supplied in the JEDEC 
TO-204AA steel package and the RFP-series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 

250C), Unless Otherwise Specified 






RFM12N08 

RFM12N10 

RFP12N08 

RFP12N10 

UNITS 

Drain-Source Voltage. 

.Vdss 

80 

100 

80 

100 

V 

Drain-Gate Voltage (Rqs = 1 . 

Continuous Drain Current 

.VdgR 

80 

100 

80 

100 

V 

RMS Continuous. 

.Id 

12 

12 

12 

12 

A 

Pulsed Drain Current. 

.>DM 

30 

30 

30 

30 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc - +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tc = +250C, Derate Linearly ... 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

Temperature Range 

.. TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Hairris Corporation 1991 


File Number 1386.1 
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N-CHANNEL 
POWER MOSFETs 















Specifications RFM12N08, RFM12N10, RFP12N08, RFP12N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc)=25°C unless otherwise specified 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM12N08 

RFP12N08 

RFM12N10 

RFP12N10 

UNITS 




Min. 

Max. 

Min. 

Max. 


Drain Source Breakdown Voltage 

BVdss 

1d=1 mA 

Vgs=0 

80 


100 


V 

Gate-Threshold Voltage 

VGs(th) 

Vgs=Vds 

Id=1 mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

loss 

Vds=65 V 

— 

1 


— 




Vds=80 V 

— 

— 

— 

1 




Tc=125°C 
Vds=65 V 

_ 

50 

_ 

_ 

M 



Vds=80 V 

— 

— 

— 

50 


Gate-Source Leakage Current 

loss 

Vgs=±20 V 

— 

100 

— 

100 

nA 



Vds=0 






Drain-Source On Voltage 

VDs(on)® 

Id=6 A 

Vgs=10 V 

— 

1.2 

— 

1.2 

\/ 



Id=12 A 
Vgs=10 V 

— 

3.3 

— 

3.3 

V 

Static Drain-Source On Resistance 

rDs(on)® 

Id=6 A 

Vgs=10 V 

— 

0.2 

— 

0.2 

n 

Forward Transconductance 

gts® 

Vds=10 V 

2 

— 

2 

— 

mho 



< 

CO 

II 

Q 






Input Capacitance 

Ciss 

Vds=25 V 

— 

. 850 

— 

850 


Output Capacitance 

Coss 

Vgs=0 V 

— 

300 

— 

300 

PF 

Reverse-Transfer Capacitance 

Crss 

f = 1MHz 

— 

150 

_ 

150 


Turn-On Delay Time 

td(on) 

Vdd=50 V 

45(Typ) 

70 

45(Typ) 

70 


Rise Time 

tr 

Id=6 A 

250(Typ) 

375 

250(Typ) 

375 

ns 

Turn-Off Delay Time 

td(off) 

Rgen—Rgs—50 0 

85(Typ) 

130 

85(Typ) 

130 

Fall Time 

tf 

Vgs=10 V 

100(Typ) 

150 

100{Typ) 

150 


Thermal Resistance Junction-to-Case 

Rfluc 

RFM12N08, 

RFM12N10 

- 

1.67 

- 

1.67 

°C/W 



RFP12N08, 

RFP12N10 

- 

2.083 

- 

2.083 


^Pulsed: Pulse duration=300 //s max., duty cycle=2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM12N08 

RFM12N10 

RFP12N08 

RFP12N10 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

< 

CO 

II 

Q 

CO 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

diF/dt=100 A///S 

150(typ) 

150(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 
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Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7250 



Fig. 8 - Typical drain-to-sourCe on resistance as a function of 
drain current for all types. 



Fig. 10 - Typical forward transconductance as a function of 
drain current for all types. 
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Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 


20V -1 
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I TO SCOPE 


92CS-37367 


Fig. 11 — Switching Time Test Circuit 
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RFM12N18/12N20 
RFP12N18/12N20 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Features 

• 12A, 180V and 200V 

• rDS{on) = 0.25a 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12N18 and RFM12N20 and the RFP12N18 and 
RFP12N20 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM-types are supplied in the JEDEC TO-204AA steel 
package and the RFP-series types in the JEDEC 
TO-220AB plastic package. 


Packages 


TO-204AA 
BOTTOM VIEW 



TO-220AB 
TOP VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 




RFM12N18 

RFM12N20 

RFP12N18 

RFP12N20 

UNITS 

Drain-Source Voltage. 

.Voss 

180 

200 

180 

200 

V 

Drain-Gate Voltage (Rqs = 1 . 

Continuous Drain Current 

.VoGR 

180 

200 

180 

200 

V 

RMS Continuous. 

. Id 

12 

12 

12 

12 

A 

Pulsed Drain Current. 

.Idm 

30 

30 

30 

30 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

100 

100 

75 

75 

W 

Above Tc = +250C, Derate Linearly .. 


0.8 

0.8 

0.6 

0.6 

w/oc 

Operating and Storage Junction. 

... TJ.TSTG 

-55 to +150 

-55 to+150 

-55 to+150 

-55 to +150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1461.1 
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Specifications RFM12N18, RFM12N20, RFP12N18, RFP12N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (7’c)=25®C unless otherwise specified 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM12N18 

RFP12N18 






Min. 

Max. 

Min. 



Drain-Source Breakdown Voltage 

BVdss 

Id=1 mA 

Vgs=0 

180 

— 

200 

— 

■ 

Gate-Threshold Voltage 

VGs(th) 

Vgs=Vds 

2 

4 

2 

4 

V 



Id=1 mA 






Zero-Gate Voltage Drain Current 

loss 

Vds=145 V 

— 

1 

— 

— 




Vds=160 V 

— 

— 

— 

1 




Tc=125°C 
Vds=145 V 

_ 

50 

_ 

_ 

/jA 



Vds=160 V 

— 

— 

— 

50 


Gate-Source Leakage Current 

loss 

Vgs=±20 V 

— 


— 





Vds=0 


■n 



■1 

Drain-Source On Voltage 

VDs{on)« 

Id=6 A 
Vgs=10V 

— 

m 

— 


■ 



Id=12A 
Vgs=10 V 

—■ 


— 

3.6 

H 

Static Drain-Source On Resistance 

rDs(on)® 


— 


— 


■ 

Forward Transconductance 

gts® 

Vds=10 V 


— 

4 

— 

mho 



< 

CO 

II 

Q 

m 





Input Capacitance 

Ciss 

Vds=25 V 

— 

1700 

— 

o 

o 


Output Capacitance 

Coss 

Vgs=0 V 

— 

600 

— 

600 

PF 

Reverse-Transfer Capacitance 

Crss 

f=1 MHz 

— 

300 

— 

300 


Turn-On Delay Time 

td(on) 

Vdd=100V 

35(typ) 

50 

35(typ) 

50 


Rise Time 

tr 

Id=6 A 

130(typ) 

200 

130(typ) 

200 

ns 

Turn-Off Delay Time 

td(Off) 

l^flen“Rgs~50 D 

120(typ) 

180 

120(typ) 

180 

Fall Time 

tf 

Vgs=10 V 

105(typ) 

160 

105(typ) 

160 


Thermal Resistance Junction-to-Case 

Rfluc 

RFM12N18, 

RFM12N20 

- 

1.25 

- 

1.25 

°C/W 



RFP12N18, 

RFP12N20 

- 

1.67 

- 

1.67 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM12N18 

RFP12N18 

RFM12N20 

RFP12N20 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

Vso* 

Isd=6A 

— 

1.4 

__ 

1.4 

V 

Reverse Recovery Time 

trr 

If=4A 

d,F/d,=100 A/ps 

325(typ) 

325(typ) 

ns 


®Pulsed: Pulse cluration=300 fjs max., duty cycle-2%. 
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RFM12N18, RFM12N20, RFP12N18, RFP12N20 


8 CASE TEMPERATURE (Tc) = 25“C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
, TEMPERATURE) 



DRAIN-TO-SOURCE VOLTAGE (VqsJ-V 


Fig. 1 - Maximum safe operating areas for all types. 




JUNCTION TEMPERATURE (Tj)-*C 


Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 


Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



50 lOO I50 200 

JUNCTION TEMPERATURE (Tjl-'C 

92CS-365I5 


Vos'lOV 

C PULSE TEST 

PULSE DURATION =80/iS : 
r DUTY CYCLE <2% 

I 111 rr i I n i irn it itt r r 



2 3 4 5 6 7 8 

GATE-TO-SOURCE VOLTAGE (Vqs) - V 

92CS-3649I 


Fig. 4 - Normalizeddrain-to-source on resistance as a function 
of junction temperature for all types. 


5 - Typical transfer characteristics for all types. 


N-CHANNEL 
POWER MOSFETs 





































































































































































RFM12N18, RFM12N20, RFP12N18, RFP12N20 




DRAIN-TO-SOURCE VOLTAGE(Vds)-V 

92CS-36493 


Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260 



0 5 10 15 20 25 30 35 

DRAIN CURRENT (lo)-A 

92CS-36494 


Fig. 8 - Typical drain-to-source on resistance as a function 
of drain current for ail types. 



DRAIN-TO-SOURCE VOLTAGE(Vds)-V 

92CS-36492 


Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 



Fig. 10 - Typical forward transconductance as a function of Fig. 11 — Switching Time Test Circuit 

drain current for all types. 
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^ HARRIS RFH12N35 

RFH12N40 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• 12A, 350V and 400V 

• rDS{on) = 0.038n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 


Package 


TO-218AC 
TOP VIEW 



Description 

The RFH12N35 and RFH12N40 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from Integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




RFH12N35 

RFH12N40 

UNITS 

Drain-Source Voltage. 

.vdss 

350 

400 

V 

Drain-Gate Voltage (Rqs = ^ MO). 

.VpGR 

350 

400 

V 

Continuous Drain Current. 

.'d 

12 

12 

A 

Pulsed Drain Current. 

.Idm 

24 

24 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj.Tstg 

-55 to +150 

-55 to+150 

OC 


CAUTION; These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg (sJurtlber 1 G30.1 

Copyright © Harris Corporation 1991 
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Specifications RFH12N35, RFH12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25^ C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNiTS 

RFH12N35 

RFH12N40 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 10 mA 

Vqs = 0 

350 

— 

400 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

Id = 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain 

Current 

loss 

Vds = 280 V 

Vds = 320 V 

: 

1 

— 

1 

pA 

Tc= 125°C 

Vds = 280 V 

Vds = 320 V 

- 

50 

- 

50 

Gate-Source Leakage 

Current 

loss 

Vgs = ± 20 V 

Vds = 0 

— 

100 

— 



Drain-Source On Voltage 

< 

o 

Id = 6A 

Vgs = 10 V 

— 

2.28 

— 

2.28 

V 

Id = 12 A 

Vgs = 10 V 

— 

6.75 

— 

6.75 

Static Drain-Source On 

Resistance 

rDs(on)a 

Id = 6 A 

Vgs = 10 V 

— 

0.38 

— 

0.38 

n 

Forward Transconductance 

Qfs® 

Vds = 10 V 

Id = 6 A 

4 

— 

4 

— 

mho 

Input Capacitance 

Ciss 

Vds = 25 V 

Vgs = 0 V 

f = 1MHz 

— 

3000 

— 

3000 

PF 

Output Capacitance 

Coss 

— 

900 

— 

900 

Reverse Transfer Capacitance 

Crss 

— 

400 

— 

400 

Turn-On Delay Time 

tci(on) 

Vdd = 200 V 

Id = 6 A 

Rgen~Rg8~50O 
Vgs= 10 V 

30(typ) 

50 

30(typ) 

50 

ns 

Rise Time 

tr 

105(typ) 

150 

105(typ) 

150 

Turn-Off Delay Time 

td(off) 

480(typ) 

750 

480(typ) 

750 

Fall Time 

tf 

140(typ) 

200 

140(typ) 

200 

Thermal Resistance 
Junction-to-Case 

R^jc 

RFH12N35, 

RFH12N40 

Series 

- 

0.83 

- 

0.83 

°C/W 


®Pulsed: Pulse duration = 300 /iS max., duty cycle = 2%. 


SOURCE-DRAiN DiODE RATiNGS AND CHARACTERISTiCS 





LiMITS 


CHARACTERISTiC 


TEST CONDITiONS 

RFH12N35 

RFH12N40 

UNiTS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD * 

oT 

a 

II 

o> 

> 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

1f = 4A, diF/dt= 100 A/fjs 

950 (typ.) 

950 (typ.) 

ns 


* Pulse Test: Width < 300 /js, Duty cycle < 2%. 


4-668 









N-CHANNEL 
POWER MOSFETs 
















































































































RFH12N35, RFH12N40 



TIME — Microseconds 


s^cs-areeT 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260 



DRAIN-TO-SpURCE VOLTAGE 

92CS-37236 


Fig. 7 - Typical saturation characteristics for all types. 





92CS-37238 


Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for ail types. all types. 



0 2 4 6 8 10 12 14 16 18 20 

DRAIN-TO-SOURCE CURRENT (Iq)-A 

92CS-37239 


33n 



92CS-37409 


Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit, 

current for all types. 
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Features 

• 12A, 350V and 400V 

• »'DS{on) = O.SCl 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM12N35 and RFM12N40 n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed 
for applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar transistors requiring high speed and low 
gate-drive power. These transistors can be operated direct¬ 
ly from integrated circuits. 

The RFM types are supplied in the JED EC TO-204AA 
steel package. 


RFM12N40 

N-Channel Enhancement Mode 
Power Field Effect Transistors 


Packages 


TO-204AA 
BOTTOM VIEW 


^ DRAIN 

^ (FLANGE) 

o ^ ^ 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 




Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Continuous Drain Current 

RMS Continuous ___ 

Pulsed Drain Current... 


Maximum Power Dissipation 


Above Tq = +250C, Derate Linearly 



RFM12N35 

RFM12N40 

UNITS 

• • • VdsS 

350 

400 

V 

•••VdGR 

350 

400 

V 

.Id 

12 

12 

A 

.Idm 

24 

24 

A 

.... Vqs 

±20 

±20 

V 

.Pd 

150 

150 

W 


1.2 

1.2 

w/oc 

Tj.TstG 

-55 to +150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12N35, RFM12N40 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25° C unless otherwise specified. 


CHARACTERISTIC 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM12N35 

RFM12N40 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown BVdss 

Voltage 

Id = 10 mA 

Vgs = 0 

350 

- 

400 

- 

V 

Gate Threshold Voltage VGs(th) 

Vgs = Vds 

Id = 1 mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain loss 

Current 

Vds = 280 V 

Vds = 320 V 

_ 

1 

— 

1 

H 

Tc= 125°C 

Vds = 280 V 

Vds = 320 V 

- 

50 

- 

50 

Gate-Source Leakage less 

Current 

Vgs = ±20 V 

Vds “ 0 

- 

100 

- 

100 

nA 

Drain-Source On Voltage VDs(on)a 

Id = 6 A 

Vgs = 10 V 

- 

3 

- 

3 


Id = 12 A 

Vgs= 10 V 

- 

10 

- 

10 

Static Drain-Source On rDs(on)® 

Resistance 

Id = 6 A 

V6s= 10 V 

- 

0.5 

- 

0.5 

■ 

Forward Transconductance gts® 

Vds= 10 V 

Id = 6 A 

4 

- 

4 

- 


Input Capacitance Ciss 


— 


— 

3000 


Output Capacitance Coss 

— 

900 

— 

900 

Reverse Transfer Capacitance Crss 

— 

400 

— 

400 

Turn-On Delay Time td(on) 

Vds = 200 

Id = 6A 

Rgen=Rg8=50O 
Vgs= 10 V 

30(typ) 

50 

30(typ) 

50 

ns 

Rise Time tr 

105(typ) 

150 

105(typ) 

150 

Turn-Off Delay Time td(off) 

480(typ) 

750 

480(typ) 

750 

Fall Time tt 

140(typ) 

200 

140(typ) 

200 

Thermal Resistance R^c 

Junction-to-Case 

RFM12N35, 

RFM12N40 

Series 

- 

0.83 

- 




®Pulsed: Pulse duration = 300 max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFM12N35 

RFM12N40 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD 

IsD = 6 A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4 A, dlF/dt= 100 A/yus 

950 typ. 

950 typ. 

ns 


* Pulse Test: Width < 300 ijs, Duty cycle < 2%. 
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Fig. 1 - Maximum safe operating areas for all types. 




Fig. 2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 

junction temperature for all types. 
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Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 
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RFM12N35, RFM12N40 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 



DRAIN CURRENT (lo'-A 


Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 



92CS-37239 

Fig. 10 - Typical forward transconductance as a function of drain 
for all types. 



92CS-37236 

Fig. 7 - Typical saturation characteristics for all types. 



92CS-37238 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 
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Fig. 11 - Switching Test Time Circuit 




















































































































May 1991 


RFD14N05/05SM 

RFP14N05 

N-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 


Features 

• 14A, 50V 

• RDS(on) = o.m 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1 750 c Operating Temperature 


Description 

The RFD14N05, RFD14N05SM, and RFP14N05 n-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process which uses feature sizes approaching 
those of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and emitter 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. 

The RFD14N05 is supplied in the JEDEC TO-251 plastic 
package, the RFD14N05SM in the JEDEC TO-252 plastic 
package and the RFP14N05 in the JEDEC TO-220AB plastic 
package. 


Packages 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-251 AA 
TOP VIEW 



TO-252AA 
TOP VIEW 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 

Drain-Source Voltage, VqsS........50V 

Drain-Gate Voltage, (Rqs = 1 ^dgr.. ... • ...... ..^. 50V 

Gate-Source Voltage, Vqs .. • • • • • • ...... • • .... ±20V 

Drain Current: 

RMS Continuous, Ip................14A 

Pulsed, Idm..............35A 

Single Pulse Avalanche Energy Rating, (Refer to UlS SOA Curve) 

Power Dissipation, Pp: 

Tc = + 25 OC.......... 48W 

Derate Above Tc = + 25 OC ........:...........0.32W/OC 

Operating and Storage Junction 

Temperature Range, Tj,Tstg . .. .. ■ • • • .... -55to +1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2268.1 


4-675 


N-CHANNEL 
POWER MOSFETs 


















RFD14N05, RFD14N05SM, RFP14N05 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25° C unless otherwise specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage BVdss 

Id = 0.25 mA, Vgs = 0 V 

50 

— 

V 

Gate-Threshold Voltage VGs(th) 

Vgs = Vds, Id = 0.25 mA 

2 

4 

Zero-Gate Voltage Drain Current loss 

Vos = 40 V, Vgs = 0 V 
Tc=150°C 

- 

1 

50 

pA 

Gate-Source Leakage Current less 

Vgs = ±20 V 

— 

100 

nA 

Static Drain-Source On-Resistance rDs(on) 

Id = 14 A, Vgs = 10 V 

— 

0.1 

O 

Turn-On Time t(on) 

Vdd = 25 V, Id = 7 a 

Ig1 — Ig2 ~ 0.2 A 

Vgs (Clamp) + 10 V,-0.6 V 

Rl = 3.57 O 

— 

60 

ns 

Turn-On Delay Time td(on) 

— 

14 (typ.) 

Rise Time L 

— 

26 (typ.) 

Turn-Off Delay Time td(off) 

— 

45 (typ.) 

Fall Time tf 

— 

17 (typ.) 

Turn-Off Time t(off) 

— 

100 

Total Gate Charge Qg(total) 

Vdd = 40 V 

Id = 14 A 

Rl = 2.86 Q 

Vgs = 0-20 V 

— 

40 

nC 

Gate Charge at 10 V Qg(10) 

Vgs = 0-10 V 

— 

25 

Threshold Gate Charge Qg{th) 

Vgs = 0-2 V 

— 

1.5 

Plateau Voltage V(plateau) 

Id = 14 A, Vds = 15 V 

— 

7.5 

V 

Turn-Off Energy Loss per Cycle Eoff 

Vdd = 25 V, Id = 7 a, L = 0.2}jH 

Rl = 3.57 Q, lgi = Igz = 0.2 A 

Vgs (Clamp) + 10 V, -0.6 V 

- 

14 

pj 

Thermal Resistance, Junction-to-Case R^jc 


— 

3.125 

°C/\N 

Thermal Resistance, Junction-to-Ambient R^ja 

TO-251 & TO-252 

— 

100 

TO-220 

— 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VsD 

IsD = 14 A 

— 

1.5 

V 

Reverse Recovery Time 

trr 

If = 14 A, dlFdt= 100 A/)US 

— 

125 

ns 



FIGURE 1. SAFE OPERATING AREA CURVE 



O.Ol O.IO I.00 10.00 

TIME IN RVRLflNCHE Ctav) - MILLISECONDS 

FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING 
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NORHALIZED Rde(on) DRAIN CURRENT (Id) - AMPS 
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NORHflLIZEO DRfllN-TO-SOURCE 
BRERKDOVN VOLTflBE (BVdas) - VOLTS 






RFD14N05, RFD14N05SM, RFP14N05 


Vdd 



SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 

FIGURE 12. RESISTIVE SWITCHING 


'^DS 



bVdss 

HrL 



•p’/l 


—Vds 

II 

—^ 

\ 

* ' 






FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 


N-CHANNEL 
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m HARRIS RFM15N05/15N06 

RFP15N05/15N06 

N-Channel Enhancement Mode 
May 1992 Power Field Effect Transistors 


Features 

• 15A, 50V and 60V 

• ''DS{on) = 0.14n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Temperature Compensated SPICE Model Provided 

Description 

The RFM15N05 and RFM15N06 and the RFP15N05 and 
RFP15N06 are n-channel enhancement-mode silicon-gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low 
gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
TO--220AB plastic package. 


Packages 

TO-204AA 
BOTTOM VIEW 


TO-220AB 
TOP VIEW 


SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 


G 


S 





Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 




RFM15N05 

RFM15N06 

RFP15N05 

RFP15N06 

UNITS 

Drain-Source Voltage. 

.Vdss 

50 

60 

50 

60 

V 

Drain-Gate Voltage (Rqs = . 

Continuous Drain Current 

.Vdgr 

60 

60 

50 

60 

V 

RMS Continuous. 

.Id 

15 

15 

15 

15 

A 

Pulsed Drain Current. 

.^DM 

40 

40 

40 

40 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

90 

90 

90 

90 

W 

Above Tc = +250C, Derate Linearly .. 


0.48 

0.48 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

Temperature Range 

Tj.TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed, pjig Miimber 1 478 1 

Copyright © Harris Corporation 1992 c uu - 
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RFM15N05, RFM15N06, RFP15N05, RFP15N06 


ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc)=25°C unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM15N05 

RFP15N05 

RFM15N06 

RFP15N06 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs~0 

50 


60 


V 

Gate-Threshold Voltage 

VGs(th) 

Vgs"=Vds 

Id- 1 mA 

2 

4 

2 

4 

V 

Zero-Gate Voltage Drain Current 

loss 

Vds=40 V 
Vds=50 V 

— 

1 

— 

1 

M 

Tc=125°C 
Vds=40 V 
Vds=50 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

less 

Vgs=±20 V 
Vds=0 


100 


100 

nA 

Drain-Source On Voltage 

CO 

, c 

Q 

> 

Id=7.5 a 
Vgs=10 V 

— 

1.05 

— 

1.05 

V 

Id=15 A 

Vgs=10 V 

— 

2.5 

— 

2.5 

Static Drain-Source On Resistance 

rosCon)® 

Id=7.5 a 
Vgs=10 V 

— 

0.14 

— 

0.14 

Q 

Forward Transconductance 


Vds-10 V 

Id=7.5 a 

2 

— 

2 

— 

mho 

Input Capacitance 

Ciss 

Vds=25 V 

Vgs-0 V 
f = 1MHz 

— 

850 

— 

850 

PF 

Output Capacitance 

Coss 

— 

450 

— 

450 

Reverse-Transfer Capacitance 

Crss 

— 

180 

— 

180 

Turn-On Delay Time 

td(on) 

Vdd=30 V 

Id-7.5 a 

Rgen—Rgs” 50 0 
Vgs-10 V 

16(typ) 

40 

16(typ) 

40 

ns 

Rise Time 

tr 

hoO(typ) 

175 

lOO(typ) 

175 

Turn-Off Delay Time 

td(off) 

72(typ) 

175 

72(typ) 

175 

Fall Time 

tf 

66(typ) 

140 

66(typ) 

140 

Thermal Resistance Junction-to-Case 


RFM15N05, 

RFM15N06 

- 

1.67 

- 

1.67 

[..... 

°C/W 

1_ 

RFP15N05, 

RFP15N06 

- 

1.67 

- 

1.67 


^Pulsed: Pulse duration=300 fjs max., duty cycle=2%. 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM15N05 

RFP15N05 

RFM15N06 

RFP15N06 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

Q 

> 

ISD = 15A 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

dip/dt^^lOO A//iS 

100 (typ) 

100{typ) 

ns 


^Pulse Test: Width < 300 ps, duty cycle < 2%. 


4-681 


N-CHANNEL 
POWER MOSFETs 





CaPflCITRNCE CO- FD NORMALIZED DRAIN TO SOURCE RES RdgCon) 


RFM15N05, RFM15N06, RFP15N05, RFP15N06 



GATE SOURCE 
VOLTAGE 


ohma 

l5(REF)"532 

VGS°IOV 


-U.OU Vpgg- 

-0.25 Vpgg- 


DRAIN SOURCE VOLTAGE 



in PIn K 

mjTY r.Yni 


16 

-s 
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. _V-7V 


e ''' 
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/ / 
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FIGURE 1. NORMALIZED SWITCHING WAVEFORMS 


0 12 3 4 

,/8i DRAIN TO SOURCE VOLTAGE (Vpg)-V 

FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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JUNCTION TEMPERATURE (Tj )-“C 

FIGURE 3. NORMALIZED rpsCON) vs TEMPERATURE 
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-50 0 60 100 150 2 
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FIGURE 4. BREAKDOWN VOLTAGE vs TEMPERATURE 
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FIGURE 5. CAPACITANCE vs DRAIN TO SOURCE VOLTAGE 


FIGURE 6. MAXIMUM SAFE OPERATING AREA 
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NORMALIZEDJflTE THRESHOLD VOLTflSECYgs)-V ON STATE DRAIN CURRENT (I 


RFM75N05, RFM15N06, RFP15N05, RFP15N06 



FIGURE 7. TYPICAL TRANSFER CHARACTERISTICS 




4Q 



FIGURE 10. SWITCHING TIME TEST CIRCUIT 
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RFM15N05, RFM15N06, RFP15N05. RFP15N06 


Spice Model (rfmisnog) 

.SUBCKTRFM15N06 2 1 3; rev 01/07/91 

*Nominal Temperature = 250C 

.MODEL MOSMOD NMOS (\n-0=a46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu W=lu) 
Vto 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD 13.3e-3 

.MODEL RDSMOD RES {TCI=6.5e-3 TC2=3.28e-5) 

.MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 

.MODEL RVTOMOD2 RES (TCi=0 TC2=0) 

Ebreak 11 7 17 18 102.35 

.MODEL RBKMOD RES {TCI=8.33e-1 TRS1=7.81e-4 TRS2==-9.28e-6) 

.MODEL DBKMOD D (RS=3.83e-1 TRS1 =7.81 e-4 TRS2=-9.28e-6) 
.MODELDBDMODD(IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5) 
+CJO=9.16e-10 TT=7e-8 
Cin 6 8 4.44e-10 
Ca 12 8 9.14e-10 

.MODEL SI AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 

.MODEL SI BMODVSWITCH{RON=1e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 

.MODEL DPLCAPMOD D (CJO=4.90e-10 IS=le-30 N=10) 

Cb 12 14 5.81e-10 

.MODEL S2AMODVSWITCH(RON=le-5 ROFF=0.1 VON=3.07 VOFF=8.07) 

.MODEL S2BMODVSWITCH(RON=le-5 ROFF=0.1 VON8.07 VOFF=3.07) 

Rgate 9 20 20.43 
Lgate 1 9 1.32e-8 
Ldrain 2 5 1.0e-10 
Lsource 3 7 1.68e-8 

Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dpicap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 
Egs 13 8 6 8 1 
Esg 6 10 6 8 1 
Evto 20 6 18 8 1 
It 8 17 1 

Mos 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1 e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

.ENDS 
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RFM15N05, RFM15N06, RFP15N05, RFP15N06 


Spice Mode! (rfmisnog) 

.SUBCKTRFM15N06 2 1 3; rev 01/07/91 
*Nominal Temperature = 25^0 

.MODEL MOSMODNMOS{VTO=3.46 KP=3.09 IS=le-30 N=10 TOS=1 L=lu W=lu) 

Vto 21 6 .74 

Rsource 8 7 RDSMOD 34.82e-3 

Rdrain 5 16 RDSMOD 13.3e-3 

.MODEL RDSMOD RES (TCI=6.5e-3 TC2=3.28e-5) 

.MODEL RVTOMOD RES (TCI=-4.30e-3 TC2=-3.77e-6) 

.MODEL RVTOMOD2 RES (TCI=0 TC2=0) 

Ebreak 11 7 17 18 102.35 

.MODEL RBKMOD RES (TCI=8.33e-1 TRS1=7.81e-4 TRS2=-9.28e-6) 

.MODEL DBKMOD D (RS=3.83e-1 TRS1 =7.81 e-4 TRS2=-9.28e-6) 

.MODELDBDMODD(IS=8.16e-13 RS=1.54e-2 TRS1=1.77e-3 TRS2=1.85e-5+CJO=9.16e-10 TT=7e-8) 
Cin 6 8 4.44e-10 
Ca 12 8 9.14e-10 

.MODEL SI AMODVSWITCH{RON=1e-5 ROFF=0.1 VON=-3.66 VOFF=-1.66) 

.MODEL SI BMODVSWITCH{RON=1e-5 ROFF=0.1 VON=-1.66 VOFF=-3.66) 

.MODEL DPLCAPMODD(CJO=4.90e-10 IS=le-30 N=10) 

Cb 12 14 5.81e-10 

.MODEL S2AMODVSWITCH(RON=le-5 ROFF=0.1 VON=3.07 VOFF=8.07) 

.MODEL S2BMODVSWITCH{RON=le-5 ROFF=0.1 VON=8.07 VOFF=3.07) 

Rgate 9 20 20.43 
Lgate 1 9 1.32e-8 

Ldrain 2 5 1.0e-10 

Lsource 3 7 1.68e-8 

Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dpicap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 
Evto 20 6 18 8 1 
It 8 17 1 

Mos 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

.ENDS 
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RFM15N12/15N15 

RFP15N12/15N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 15A, 120V and 150V 

• *'DS{on) = O-ISn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 


SOURCE DRAIN 

(FLANGE) 

(O ^ ^ 


Description 

The RFM15N12 and RFM15N15 and the RFP15N12 and 
RFP15N15 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 




RFM15N12 

RFM15N15 

RFP15N12 

RFP15N15 

UNITS 

Drain-Source Voltage. 

...... Vdss 

120 

150 

120 

150 

V 

Drain-Gate Voltage (Rqs = 1 •••••• 

Continuous Drain Current 

.vdgr 

120 

150 

120 

150 

V 

RMS Continuous. 

.Id 

15 

15 

15 

15 

A 

Pulsed Drain Current.. 

..iDM 

40 

40 

40 

40 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

100 

100 

75 

75 

W 

Above Tc =+250C, Derate Linearly .. 


0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

••• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM15N12, RFM15N15, RFP15N12, RFP15N15 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25°C unless otherwise specified 





LIMITS 





RFM15N12 

RFM15N15 




TEST 

RFP15N12 

RFP15N15 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA 

Vgs = 0 

120 

B 

150 

B 

V 

Gate Threshold Voltage 

VGS(th) 

Vgs = Vds 

Id = 1 mA 

2 

B 

2 

B 

V 



Vds = 100 V 

— 

n 

■■■ 

^9 


Zero Gate Voltage Drain Current 

loss 

Vds = 120 V 

Tc = 125°C 

— 

■ 






Vds = 100 V 

— 

50 






Vds = 120 V 

- 

- 




Gate-Source Leakage Current 

loss 



100 

■ 

100 

nA 

Drain-Source On Voltage 

VDs(on)® 


- 

1.125 

- 

1.125 


Id = 15 A 

Vgs = 10 V 

- 

3 

- 

3 


Static Drain-Source On Resistance 

rDs(on)® 

Id = 7.5 A 

Vgs = 10 V 

- 

0.15 

- 



Forward Transconductance 


Vds = 10 V 

Id = 7.5 A 


B 

5 

B 

mho 

Input Capacitance 

Ciss 


_ 

1700 

_ 

1700 


Output Capacitance 

Coss 


— 

750 

— 

750 

PF 

Reverse Transfer Capacitance 

Crss 


— 

350 

— 

350 


Turn-On Delay Time 

td(on) 

Vdd=75 V 

50(typ.) 

75 

50(typ.) 

75 


Rise Time 

tr 

Id = 7.5 A 

150(typ.) 

225 

150(typ.) 

225 

ns 

Turn-Off Delay Time 

td(off) 

Rgen — Rgs — 50 O 

185(typ.) 


185(typ.) 

280 


Fall Time 

tf 

Vgs = 10 V 

125(typ.) 

mg 

125(typ.) 

190 


Thermal Resistance 

RdJC 


- 

1.25 

- 

1.25 

°C/W 

Junction-to-Case 


- 

1.67 

- 

1.67 


^Pulsed: Pulse duration = 300//s max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





1 LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM15N12 

RFP15N12 

RFM15N15 

RFP15N15 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

Isd=7.5 a 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4A 

dip/dt^lOO A///S 

200(typ) 

200(typ) 

ns 


*Pulse Test: Width < 300/js, duty cycle < 2%. 
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ON RESISTANCE [fDS(onO O O* POWER DISSIPATION (P-p 
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May 1992 


RFD16N05SM 

N-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 


Features 

• 16A, 50V 

• '■DS{on) = 0-047 O. 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750C Operating Temperature 


Description 

The RFD16N05 and RFD16N05SM n-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFD16N05 is supplied In the JED EC TO-251AA 
plastic package and the RFD16N05SM in the TO-252AA 
plastic package. 


Packages 


TO-251AA 
TOP VIEW 



TO-252AA 
TOP VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 

Drain-Source Voltage, V0SS.50V 

Drain-Gate Voltage, (Rqs = 1 ^dGR..50V 

Gate-Source Voltage, Vqs. ± 20 V 

Drain Current: 

RMS Continuous, Ip..16A 

Pulsed, lp|\/|. 45A 

Single Pulse Avalanche Rating, Refer to UlS SOA 
Power Dissipation, Pq: 

Tc = +250C.72W 

DerateAboveTc = +250C .0.48W/OC 

Operating and Storage Junction 

Temperature Range, Tj, TsjG.... . 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright ® Harris Corporation 1992 
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Specifications RFD1GN05, RFD16N05SM 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) - 25°C unless otherwise specified: 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage BVdss 

Id = 0.25 mA, Vgs = 0 V 

50 

— 

V 

Gate Threshold Voltage VGs(th) 

Vgs = Vds, Id = 0.25 mA 

2 

4 

Zero Gate Voltage Drain Current loss 

Vds = 40 V, Vgs = 0 V 
Tc=150°C 

- 

1 

50 

//A 

Gate-Source Leakage Current loss 

Vgs = ±20 V. Vos = 0 V 

— 


nA 

Static Drain-Source On Resistance ros(on) 

Id = 16 A, Vgs = 10 V 

— 


n 

Turn-OnTime t(on) 

Vdd = 25 V, lo = 8A 

Ig1 — Ig2 — 0.4 A 

Vgs (clamp) ± 10 V,-0.6 V 

Rl = 3125 0 

— 

60 

ns 

Turn-On Delay Time td(on) 

— 

14 (typ.) 

Rise Time t, 

— 

30 (typ.) 

Turn-Off Delay Time td(off) 

— 

52 (typ.) 

Fall Time tf 

— 

16 (typ.) 

Turn-OffTime t(off) 

— 

100 

Total Gate Charge Qg(total) 

Vgs = 0-20 V 

Vdd = 40 V 

Id =16 A 

RL = 25n 

— 

80 

nC 

Gate Charge at 10 V Qg(10) 

Vgs = 0-10 V 

— 

45 

Threshold Gate Charge Qg(th) 

Vgs = 0-2 V 

— 

3 

Plateau Voltage V(plateau) 

Id = 16 A, Vds =15 V 

— 

7.5 

V 

Turn-Off Energy Loss per Cycle Eott 

Vdd = 25 V, Id = 8 A, Rl = 3.125 0 
L = 0.2//H, l^i = lg2 = 0.4A 

Vgs (clamp) + 10 V, -0.6 V 

- 

19 

pj 

Thermal Resistahce, Junction to Case R^jc 


— 

2.083 

°C/W 

Thermal Resistance, Jtinctidn to Ambient R^ja 


— 

100 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VSD 

IsD = 16 A 

— 

1.5 

V 

Reverse Recovery Time 

trr 

If =16 A, dlF/dt= 100 A///S 

— 

125 

ns 


CASE TEMPERATURE CTc)"26degC 


a. 

3C 

tn 

L 10.0 


= 


1 

a 

B 

■ 

I 

3 



^8SS 

S 

Him 
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mu 
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■ 

1 
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Fig. 1 - Safe operating area curire. iCurves must be derated 
linearly with increase in temperature.) 
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Fig. 2 - Maximum continuous drain current vs. temperature. 
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RFD16N05, RFD16N05SM 
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V 0 S=OV FREQUENCY (f)=1MHz 
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SOURCE-TO-DRAIN VOLTAGE Vsd)-V 

Fig. 9 - Typical capacitance vs. voltage. 



Fig. 10 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


VdD 




Switching Waveforms 


Fig. 11 - Resistive Switching. 



bvdss 

•Hn. 



Tp ^ 


-e- VdS 
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1 \ _ 


Fig. 13 - Undamped energy waveforms. 




0.01 0.10 l.oo 10.00 

TIME IN flVRLRNCHE (tav) - MILLISECONDS 
Fig. 14 - Unclamped-Inductive-Switching SOA. (Single Pulse UlS SOA) 
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RFM18N08/18N10 

RFP18N08/18N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 18A, 80V and 100V 

• »'DS{on) == 0.1 n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 

^(FLANGE) 


Description 

The RFM18N08 and RFM18N10 and the RFP18N08 and 
RFP18N10 are n-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


Terminal Diagram 



SOURCE 

DRAIN 

GATE 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 

250C) Unless Otherwise Specified 






RFM18N08 

RFM18N10 

RFP18N08 

RFP18N10 

UNITS 

Drain-Source Voltage. 

.Vdss 

80 

100 

80 

100 

V 

Drain-Gate Voltage (Rqs = ^ . 

Continuous Drain Current 

.Vdgr 

80 

100 

80 

100 

V 

RMS Continuous. 

•.Id 

18 

18 

18 

18 

A 

Pulsed Drain Current. 

.Idm 

45 

45 

45 

45 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

.Pd 

100 

100 

75 

75 

W 

Above Tc =+250C, Derate Linearly ... 


0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

• • Tj, TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM18N08, RFM18N10, RFP18N08, RFP18NW 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C unless otherwise specified 





LIMITS 





RFM18N08 

RFM18N10 




TEST 

RFP18N08 

RFP18N10 


CHARACTERISTICS 

SYMBOL 

CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA 

Vqs = 0 

80 

- 


B 

V 

Gate Threstiold Voltage 

VGS<thl 

Vgs = Vds 

Id = 1 mA 

2 

D 

2 

B 





mm 

D 

— 

n 


Zero Gate Voltage Drain Current 




H 

— 



loss 

Tc = 125°C 

Vds = 65 V 


50 







Vds = 80 V 

- 

- 

— 



Gate-Source Leakage Current 



- 


- 



Drain-Source On Voltage 

VDs(on)“ 

Id = 9 A 

Vgs = 10 V 

- 

0.9 

- 



Id = 18 A 

Vgs = 10 V 

- 


- 





Id = 9 A 

Vgs = 10 V 



- 

0.10 

D 

Forward Transconductance 


Vds = 10 V 

Id = 9 A 

D 

■ 

5 

B 


Input Capacitance 

Ciss 

Vds = 25 V 

— 


— 



Output Capacitance 

Coss 

> 

o 

II 

CO 

— 


— 



Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— . 

300 


300 


Turn-On Delay Time 

td(on) 

Vdd=50 V 


EEI 




Rise Time 

tr 

Id = 9 A 

300(typ.) 





Turn-Off Delay Time 


Rgen = Rgs = 50 0 

150(typ.) 

regal 


1^1 


Fall Time 

tf 

Vgs = 10 V 




225 


Thermal Resistance 

R0JC 

RFM18N08, 

RFM18N10 

- 

1.25 

- 

1.25 

°C/W 

Junction-to-Case 

RFP18N08, 

RFP18N10 

- 

1.67 


1.67 

_ 


“Pulsed; Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM18N08 

RFM18N10 

RFP18N08 

RFP18N10 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

Vso 

< 

O) 

II 

3 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4A 

dip/dt^lOO A///S 

150(typ) 

150(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 
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RFM18N08, RFM18N10. RFP18N08. RFP18N10 


100 CASE TEMPERATURE (Tc)*25 “C 


(CURVES MUST BE DERATED 

































































































































RFM18N08, RFM18N10, RFP78N08, RFP18N10 



92CS37645 

Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 
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DRAIN-TO-SOURCE VOLTAGE (V[js)-V 

92CS-36I46 

Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN CURRENT(Iq)-A 

92CS-36I45 

Typical forward transconductance as a function of drain 
current for all types. 
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RFP22H10 

N-Channel Enhancement-Mode 
Field-Effect Transistors (MegaFETs) 


Features 

• 22A, 100V 

• *^08(011) = o.oson 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750C Operating Temperature 


Package 

TO-220AB 
TOP VIEW 


SOURCE 

DRAIN 

GATE 



Description 

The RFP22N10 n-channel power MOSFETs is manufactured using 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. The 
RFP22N10 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. 

The RFP22N10 is supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 


G 



Absolute Maximum Ratings (Tc 

= +2500), Unless Otherwise Specified 






RFP22N10 

UNITS 

Drain-Source Voltage. 


.Vdss 

100 

V 

Drain-Gate Voltage (Rqs = ^ . 


.Vdgr 

100 

V 

Continuous Drain Current. 


. iD 

22 

A 

Pulsed Drain Current. 


.‘dm 

50 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 


.Vqs 

±20 

V 

Tc = +250C. 


.Pd 

100 

W 

Derated Above Tc = 250C. 



0.67 

W/OC 

Operating and Storage Junction Temperature Range. 

.Tj.TstG 

-55 to+175 

OC 


Single Pulse Avalanche Rating, Refer to UlS SOA Curve 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed, pjlg fy|umber 2385.1 

Copyright © Harris Corporation 1991 
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Specifications RFP22N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc)=25°C unless otherwise specified: 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Id=0.25 mA, Vgs=0 V 

100 

— 

V 

Gate-Threshold Voltage 

VQs(th) 

Vgs“Vds, Id=0.25 mA 

2 

4 




Vds=80 V. Vgs=0 V 


1 


Zero-Gate Voltage Drain Current 

loss 

Tc=150°C 


50 

pA 

Gate-Source Leakage Current 

loss 

Vgs=±20 V, Vds=0 V 

— 

100 

nA 

Static Drain-Source On Resistance 

rDs(on) 

Id=22 a, Vgs=10V 

— 

0.080 

Q 

Turn-On Time 

t(on) 



— 

60 


Turn-On Delay Time 

td(on) 

Vdd=50 V, 1d=11 A 

13(typ.) 

— 


Rise Time 

tr 

Igl“lg2 

=0.6 A 

24 (typ.) 

— 


Turn-Off Delay Time 

td(Off) 

Vgs (clamp):+10V,-0.6 V 

65 (typ.) 

— 


Fall Time 

tf 

Rl=4.55 0 

18 (typ.) 

— 


Turn-Off Time 

t(off) 

(See Fig. 12) 

— 



Total Gate Charge 

Qg(total) 

Vgs= 0 to 20V 

Vdd=80 V 

— 

150 


Gate Charge at 10 V 

Qg(10) 

Vgs= 0 to 10V 

Id=22 a 

— 

75 


Threshold Gate Charge 

Qg(th) 

Vgs= 0 to 2V 

Rl=3.64 Q 

— 

3.5 


Plateau Voltage 

V(plateau) 

Id=22 A, Vds=15V 

— 

7.5 

V_ , 



Vdd=50V, Id=11A, Rl=4.55Q 




Turn-Off Energy Loss per Cycle 

Eoif 

L=0.2AfH, Ig1 = lg2 = 0.6 A 

— 

80 




Vgs (clamp):+10 V,-0.6 V 




Thermal Resistance, Junction to Case 

R^jc 


— 

1.5 


Thermal Resistance, Junction to Ambient 

R^JA 


— 

80 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VsD 

Isd=22 a 

— 

1.5 

V 

Reverse Recovery Time 

tr, 

If=22 a, dlF/dt=100 A/ps 

— 

200 

ns 



Fig. 1 - Safe-operating-area curve. {Curves must be derated 
linearly with increase in temperature.) 



TIME IN AVALANCHE (lav) - MILLISECONDS 


Fig. 2 - Unclamped-inductive-switching safe-operating-area curve. 
{Single pulse UlS SO A). See Fig. 13 for test circuit. 
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RFP22N10 



25 50 75 too 125 150 175 

CASE TEMPERATURE (Tc) - ®C 











■v 


































25 50 75 100 125 150 175 

CASE TEMPERATURE (TC)-degC 


Fig. 3 - Maximum continuous drain current vs. temperature. Fig. 4 - Normaiized power dissipation vs. temperature 

derating curve. 


PULSE DURAT10N=250us Tc=25clegC 



f/ 

— 


Vgs=7V 




///^ 



V0S=6V 

i 

V 








Vgs=5V 





/ 




Vgs=4V 







2 4 6 8 10 

DRAIN-TO-SOURCE VOLTAGE t/ds)-V 


Fig. 5 - Typical saturation characteristics. 


-55degC 25degC 175degC 


Vds=15V 


PULSE TEST 

PULSE DURATION-? 
DUTY CYOJE-.SH h 

>0ut 


—Tj- 

// 

// - 





/// 

/ / 




i 

/' 

/ 

/ 




// 

7/ 




/ 





2 4 6 8 10 

GATE-TO-SOURCE VOLTAGE f/gs)-V 


Fig. 6 - Typical transfer characteristics. 



Fig. 7 - Normalized ros{on) vs. junction temperature. 



Fig. 8 - Normalized gate threshold voltage. 
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RFP22N10 



Fig. 9 - Normalized drain source breakdown voltage vs. 
temperature. 



20]^ TIME-MICROSECONDS 80^ 


Fig. 11 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 


CRSS CISS coss 


Vgs=0V FREQUENCY (f)^1MHz 
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DRAIN-TO-SOURCE VOLTAGE (Vds)-V 

Fig. 10 - Typical capacitance vs. voltage. 


VdS 




bvdss 



Switching Waveforms 


Fig. 12 - Resistive switching. 


BVdsS 




Fig. 13 - Unclamped-inductive-switching test 
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^ HARRIS RFP25N05 

N-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors (MegaFETs) 


Features 

• 25A, 50V 

• rDSton) = 0.0470 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750C Operating Temperature 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 




SOURCE 

DRAIN 

GATE 


Description 

The RFP25N05 n-channel power MOSFETs is manufactured using 
the MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. The 
RFP25N05 was designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay drivers, and 
emitter switches for bipolar transistors. This transistor can be 
operated directly from integrated circuits. 

The RFP25N05 is supplied In the JEDEC TO-220AB plastic 
package. 


Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 


D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




RFP25N05 

UNITS 

Drain-Source Voltage. 

.VdsS 

50 

V 

Drain-Gate Voltage (Rqs . 


50 

V 

Continuous Drain Current. 

.Id 

25 

A 

Pulsed Drain Current. 

.'dm 

65 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±20 

V 

Tc = +250C.. 

.Pd 

72 

W 

Derated Above Tc = 250C. 


0.48 

W/OC 

Operating and Storage Junction Temperature Range. 

Single Pulse Avalanche Rating, Refer to UlS SOA Curve 

• •• Tj.TstG 

-55 to+175 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2112.1 


4-702 












DRAIN CURRENT Cld) - AMPS 


Specifications RFP25N05 
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N-CHANNEL 
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NORMALIZED RdsCon) ORAIf^ CURRENT (Id) - AMPS 


RFP25N05 


Performance Curves 



CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - degC PO^, 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. FIGURE 4. NORMALIZED POWER DISSIPTION VS. 

TEMPERATURE TEMPERATURE DERATING CURVE 


PULSE DURATION=80us Tc=25degC 
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7 ^ 

































Vgs=7V: 
































































_ 

_ 

_ 
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_ 

Vgs=5V 














T iTi 






Vgs=4V 


0 12 3 4 5 

DPAIN-TO-SOURC[; VOLTAGE f/ds) V 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 



FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 




JUNCTION TEMPERATURE (TJ) - degC KSZSfJS JUNCTION TEMPERATURE (TJ) - degC GTVmW 

FIGURE 7. NORMALIZED rDS(on) VS. JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 

TEMPERATURE 
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NORMALIZED DRAIN-TO-SDURCE 
BREAKDOWN VOLTAGE (BVdssD - VOLTS 


RFP25N05 


Performance Curves (Continued) 


V9S=0V FREQUENCY (f)=1MHz 




0 50 100 150 

JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 

BREAKDOWN VOLTAGE VS. TEMPERATURE 


SOURCE-TO-DRAIN VOLTAGE (Vsd)-V 

FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 


/^GATe\ «L = 2.0fi 

/SOURCeX lotREF) = 0.6 mA 
^ VOLTAGE \ Vqs = 10 V 


^0.75 VdsS 
^0.50 VdsS 
0.25 V0SS 


0.75 VdSS 
0.50 Vqss ^ 
0.25 VdsS ^ 


j X> $^DRAIN SOURCE VOLTAGE 

'G TIME - MICROSECONDS 'G <*CT) 

FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 






SWITCHING TEST CIRCUIT 


SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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N-CHANNEL 
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RFP25N05 


Performance Curves (Continued) 



92CS-42659 92CS-42660 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 
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^ h-L/VFRRIS 


August 1991 


RFH25N18 

RFH25N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 25A, 180V and 200V 

• r0s{on) = 0.15f2 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 

Description 

The RFH25N18 and RFH25N20 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




RFH25N18 

RFH25N20 

UNITS 

Drain-Source Voltage. 

.VdsS 

180 

200 

V 

Drain-Gate Voltage (Rqs = 1 MO). 

.VdgR 

180 

200 

V 

Continuous Drain Current. 

.Id 

25 

25 

A 

Pulsed Drain Current. 

. Idm 

60 

60 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tq = +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj.TstG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg Number *| 031.1 

Copyright © Harris Corporation 1991 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Package 


TO-218AC 
TOP VIEW 


DRAIN 



• SOURCE 

• DRAIN 

• GATE 
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Specifications RFH25N18, RFH25N20 


ELECTRICAL CHARACTERISTICS, at Caae Temperature (Tc) = 25° C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNiTS 

RFH25N18 

RFH25N20 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

BVdss 

Id = 1 mA 

180 

- 

200 

— 

V 

Voltage 


Vgs “ 0 






Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

2 

4 

2 

4 

V 



Id = 1 mA 






Zero Gate Voltage Drain 

loss 

Vds = 145 V 

— 

1 

- 

— 


Current 


Vds = 160 V 

— 

- 

- 

1 




Tc = 125°C 





IjA 



Vds = 145 V 

— 

50 

- 

- 




Vds = 160 V 

— 

— 

- 

50 


Gate-Source Leakage 

less 

Vgs = ± 20 V 

— 

100 

— 

100 

nA 

Current 


o 

II 

o 

> 






Drain-Source On Voltage 

< 

o 

Id = 12.5 A 

— 

1.875 

- 

1.875 




Vgs= 10 V 





y 



Id = 25 A 

— 

5 

— 

5 




Vgs= 10 V 






Static Drain-Source On 

rDs(on)a 

Id = 12.5 A 

— 

.15 

— 

.15 

Cl 

Resistance 


Vgs= 10 V 






Forward Transconductance 

Qfs® 

Vds= 10 V 

7 

— 

7 

— 

mho 



Id = 12.5 A 






Input Capacitance 

Ciss 

Vds = 25 V 

— 

3500 

— 

3500 


Output Capacitance 

Coss 

> 

o 

II 

(0 

o 

> 

— 

900 

- 

900 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— 

400 

- 

400 


Turn-On Delay Time 

td(on) 

Vds = 100 V 

40(typ) 

80 

40(typ) 

80 


Rise Time 

tr 

Id = 12.5 A 

150(typ) 

225 

150(typ) 

225 

ns 

Turn-Off Delay Time 

td(off) 

Rgen~ Rg8~50O 

300(typ) 

400 

300(typ) 

400 

Fall Time 

tf 

Vgs = 10 V 

120(typ) 

200 

120(typ) 

200 


Thermal Resistance 

R^jc 

RFH25N18, 






Junction-to-Case 


RFH25N20 

— j 

0.83 

— 

0.83 

°C/W 



Series 







®Pulsed: Pulse duration = 300 fjs max,, duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFH25N18 

RFH25N20 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD* 

lsD= 12.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 


300 (typ.) 

300 (typ.) 

ns 


* Pulse Test: Width < 300 /rs, Duty cycle < 2%. 
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DRAIN-TO-SOURCE CURRENT(Id)—A 

92CS-37166 



■H25N20 



DRAIN-TO-SOURCE VOLTAGE (Vog) —V 

92CS- 37163 


Fig. 7 - Typical saturation characteristics for all types. 



ig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


8n 



Fig. 11 - Switching Time Test Circuit. 
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RFK25N18 

RFK25N20 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 25A, 180V and 200V 

• »'Ds(o^) = 0.1 sn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 


Package 


TO-204AE 
TOP VIEW 



Description 


The RFK25N18 and RFK25N20 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 




RFK25N18 

RFK25N20 

UNITS 

Drain-Source Voltage. 

.VdsS 

180 

200 

V 

Drain-Gate Voltage (Rqs = ^ . 

Continuous Drain Current 

.VdgR 

180 

200 

V 

Tc = +250C. 

.Id 

25 

25 

A 

Pulsed Drain Current. 

.Idm 

60 

60 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj,TstG 

-55 to +150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg Number 1 500.2 

Copyright © Harris Corporation 1992 
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Specifications RFK25N18, RFK25N20 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 




TEST 

CONDITIONS 

LIMITS 


CHARACTERISTICS 

SYMBOL 

RFK25N18 

RFK25N20 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs“0 

180 

— 

200 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs-Vds 

Id= 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds=145 V 

— 

1 

— 

— 




Vds=160 V 

— 

— 

— 

1 




Tc=125°C 
Vds=145 V 


50 






Vds=160V 

— 

— 

— 

50 


Gate-Source Leakage Current 

Igss 

Vgs=±20 V 

— 

100 

— 

100 

nA 


Vds=0 






Drain-Source On Voltage 

VDs(on)^ 

Id=12.5A 
Vgs^IO V 

— 

1.875 

— 

1.875 

V 



Id=25 A 
Vgs=10V 

— 

5 

— 

5 


Static Drain-Source On Resistance 

rDs(on)^ 

Id=12.5 A 
Vgs^IOV 

— 

.15 

— 

.15 

0 

Forward Transconductance 

' Ofs"* 

Vds“10 V 
Id=12.5 A 

7 

— 

7 

— 

mho 

Input Capacitance 

Ciss 

Vds=25 V 

— 

3500 

— 

3500 


Output Capacitance 

Coss 

Vgs=0 V 

— 

900 

— 

900 

PF 

Reverse Transfer Capacitance 

Crss 

f- 1MHz 

— 

400 

— 

400 


Turn-On Delay Time 

td(on) 

Vdd=100V 

40(typ) 

80 

40{typ) 

80 


Rise Time 

tr 

Id=12.5 A 

150(typ) 

225 

150{typ) 

225 

ns 

Turn-Off Delay Time 

td{off) 

Rgen“Rgs~50 O 

300(typ) 

400 

300(typ) 

400 

Fall Time 

tf 

Vgs=10 V 

120(typ) 

200 

120(typ) 

200 


Thermal Resistance 

R^jc 

RFK25N18, 






Junction-to-Case 


RFK25N20 Series 

— 

0.83 

— 

0.83 

°C/W 


^Pulsed: Pulse duration = 300/iS max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 




TEST 

CONDITIONS 

LIMITS 1 


CHARACTERISTIC 

SYMBOL 

RFK25N18 | 

RFK25N20 | 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

Isd=12.5A 

_ 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

diF/dt=100 A/ps 

300(typ) 

300(typ) 

ns 


*Pulse Test; Width < 300 ps, duty cycle < 2%. 
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POWER DISSIPATION (P-j- 


RFK25N18. RFK25N20 



N-CHANNEL 
POWER MOSFETs 




































































































92CS- 37164 

— Typical drain-to-source on resistance as a function 
of drain current for all types. 



DRAIN-TO-SOURCE CURRENT(Id)—A 

92CS-37I66 


Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 



Fig. 11 -— Switching Time Test Circuit 
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RFH30N12 

RFH30N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 30A, 120V and 150V 

• rosCon) = 0.075n 

• SOA is Power-’Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 


I Package 


TO-218AC 
TOP VIEW 



• SOURCE 

• DRAIN 

• GATE 


Description 

The RFH30N12 and RFH30N15 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFH-types are supplied in the JED EC TO-218AC plastic 
package. 


Termina! Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 




RFH30N12 

RFH30N15 

UNITS 

Drain-Source Voltage. 

.vdss 

120 

150 

V 

Drain-Gate Voltage {RqS = 1 MO). 

.vdgr 

120 

150 

V 

Continuous Drain Current. 

.Id 

30 

30 

A 

Pulsed Drain Current. 

.Idm 

100 

100 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj,TstG 

-55 to +150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1633.1 
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Specifications RFH30N12, RFH30N15 

ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

— 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH30N12 

RFH30N15 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 1 mA 

Vgs = 0 

120 

— 

150 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

Id = 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain 

Current 

loss 

Vds = 100 V 

Vds = 120 V 

— 

1 

: 

1 

yUA 

Tc= 125°C 

Vds = 100 V 

Vds = 120 V 

- 

50 

- 

50 

Gate-Source Leakage 

Current 

less 

Vgs = ± 20 V 

Vds = 0 

— 

100 


100 

nA 

On-State Gate Voltage 

VGs(on)a 

Vds = 5 V 

Id= 15 A 

— 

8 

— 

8 

V 

Vds = 10 V 

Id = 30 A 

— 

10 

— 

10 

Drain-Source On Voltage 

VDs(on)3 

Id= 15 A 

Vgs= 10 V 

— 

1.125 

— 

1.125 

V 

Id = 30 A 

Vgs= 10 V 


2.65 

— 

2.65 

Static Drain-Source On 

Resistance 

rDs(on)a 

Id= 15 A 

Vgs= 10 V 


0.075 

— 

0.075 

0 

Forward Transconductance 

gts^ 

Vds = 10 V 

Id= 15 A 

10 

— 

10 

— 

mho 

Input Capacitance 

Ciss 

Vds = 25 V | 
Vgs = 0 V 

f=1MHz 

— 

3000 


3000 

PF 

Output Capacitance 

Coss 

— 

1200 

- 

1200 

Reverse Transfer Capacitance 

Crss 

— 

500 

- 

500 

Turn-On Delay Time 

td(on) 

Vds = 75 V 

Id=15A 

Rgen=Rgs=50O 
Vgs = 10 V 

75(typ) 

115 

75(typ) 

115 

ns 

Rise Time 

tr 

420(typ) 

630 

420(typ) 

630 

Turn-Off Delay Time 

td(off) 

300(typ) 

450 

300(typ) 

450 

Fall Time 

tf 

250(typ) 

375 

250(typ) 

375 

Thermal Resistance 
Junction-to-Case 

R^jc 

RFH30N12, 

RFH^0N15 

Series 

- 

0.83 

- 

0.83 

°C/W 


apulsed: Pulse duration = 300 fjs max., duty cycle = 2%. 

SOURCE'DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFH30N12 

RFH30N15 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD * 

lsD= 15A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, dip/dt =100 A//JS 

200 (typ.) 

200 (typ.) 

ns 


* Pulse Test: Width < 300 fjs, Duty cycle < 2%. 
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RFH30N12. RFH30N15 




0 12 3 4 5 6 7 

DRAIN-TO-SOURCE VOLTAGE()-V 

92CS-36252 


Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260 



Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 



sacs-36255 



92CS-36254 R1 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


5n 



Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit, 

current for all types. 
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RFK30N15 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 30A, 120V and 150V 

• •'DS(0'^) = 0.0750 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AE 
TOP VIEW 



DRAIN 

^(FLANGE) 


Description 

The RFK30N12 and RFK30N15 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C), Unless Otherwise Specified 




RFK30N12 

RFK30N15 

UNITS 

Drain-Source Voltage. 

.. VdSS 

120 

150 

V 

Drain-Gate Voltage (RqS = . 

Continuous Drain Current 

.VdGR 

120 

150 

V 

Tc = +250C. 

. Id 

30 

30 

A 

Pulsed Drain Current. 

. Idm 

100 

100 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

120 

120 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

. Tj.TSTG 

-55 to +150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 
















Specifications RFK30N12, RFK30N15 


ELECTRICAL CHARACTERISTICS, At Case Temperature {Tc)=25°C unless otherwise specified. 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

RFK30N12 

RFK30N15 

UNITS 

CONDITIONS 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 



— 


— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs-Vds 

Id= 1 mA 

2 

■ 

2 

4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds=100 V 

_ 

■■ 

— 

— 




Vds=120 V 

— 

■■ 

— 

1 




Tc=125°C 
Vds=100 V 


50 

_ 

_ 

M 



Vds=120 V 


— 

— 

50 


Gate-Source Leakage Current 

less 

Vgs= ± 20 V 

— 

100 

— 

100 

nA 



Vds=0 






Drain-Source On Voltage 

VDs(on)* 

Id=15 A 
Vgs=10 V 

— 

1.125 

— 

1.125 

\/ 



Id=30 a 
Vgs=10V 

— 

3 

— 

3 

V 

Static Drain-Source On Resistance 

rDs(on)® 

Id=15 A 
Vgs=10 V 

— 

0.075 

— 

0.075 

Q 

Forward Transconductance 

gts* 

Vds=10 V 

10 

— 

10 

— 

mho 



Id=15 A 






Input Capacitance 

Ciss 

Vds=25 V 

— 

3000 

— 

3000 


Output Capacitance 

Coss 

Vgs=0 V 

— 

1200 

— 

1200 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— 

500 

— 

500 


Turn-On Delay Time 

td{on) 

Vdd=75V 

75{typ) 

115 

75(typ) 

115 


Rise Time 

tr 

Id=15 A 

420(typ) 

630 

420{typ) 

630 

ns 

Turn-Off Delay Time 

td(off) 

Rgen“Rgs~50 0 

300(typ) 

450 

300(typ) 

450 

Fall Time 

tf 

Vgs=10V 

250(typ) 

375 

250{typ) 

375 


Thermal Resistance 

Rfluc 

RFK30N12, 






Junctlon-to-Case 


RFK30N15 Series 

— 

0.83 

— 

0.83 

°C/W 


“Pulsed: Pulse duration = 300 fjs max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 




TEST 

CONDITIONS 

LIMITS 1 


CHARACTERISTIC 

SYMBOL 

1 RFK30N12 1 

I RFK30N15 I 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

Isd=15 A 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

dip/dt-lOO A/ps 

200(typ) 

200(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 


4-720 















RFK30N12. RFK30N15 



DRAIN-TO-SOURCE VOLTAGE (Vds) - V 

92CM-36248R1 


Fig. 1 - Maximum safe operating areas for all types. 




2 - Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function 

of junction temperature for all types. 




36249 92CS-36250 

- Normalized drain-to-source on resistance to junction Fig. 5 - Typical transfer characteristics for all types, 

temperature for all types. 










































































































FORWARD TRANSCONDUCTANCE (apS^ “ '"^o 


RFK30N12. RFK30N15 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260 



Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 



92CS-362S5 



DRAIN-TO-SOURCE VOLTAGE (V^sl-V 

92CS-36252 

Fig. 7 - Typical saturation characteristics for all types. 



Fig. 9 - Capacitance as a function of drain-to-source voltage 
for all types. 


5n 



Fig, 10 - Typical forward transconductance as a function of 
drain current for all types. 


Fig. 11 — Switching Time Test Circuit 
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Features 

• 35A, 80V and 100V 

• >'DS(o^) = o.ossri 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Carrier, Low-Inductance Package 

Description 

The RFH35N08 and RFH35N10 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


Absolute Maximum Ratings (Tq = +250C), Unless Otherwise Specified 


RFH35N08 

RFH35N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-218AC 
TOP VIEW 





RFH35N08 

RFH35N10 

UNITS 

Drain-Source Voltage. 

. Vdss 

80 

100 

V 

Drain-Gate Voltage (Rqs = 1 MH). 

. Vdgr 

80 

100 

V 

Continuous Drain Current. 

. Id 

35 

35 

A 

Pulsed Drain Current. 

. Idm 

100 

100 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vgs 

±20 

±20 

V 

Tc = +250C. 

. Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj.TSTG 

-55 to +150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 



























Specifications RFH35N08, RFH35N10 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH35N08 

RFH35N10 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 1 mA 

Vgs = 0 

80 

— 

100 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

Id = 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain 

Current 

loss 

Vds = 65 V 

Vds = 80 V 

— 

1 

— 

1 

M 

Tc = 125°C 

Vds = 65 V 

Vds = 80 V 

- 

50 

- 

50 

Gate-Source Leakage 

Current 

Igss 

Vgs = ± 20 V 

Vds = 0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)® 

Id = 17.5 A 

Vgs= 10 V 

— 

0.963 

— 

0.963 

V 

Id = 35 A 

Vgs= 10 V 

— 

3.0 

— 

3.0 

Static Drain-Source On 

Resistance 

rDs(on)a 

Id= 17.5 a 

Vgs = 10 V 

— 

0.055 

— 

0.055 

0 

Forward Transconductance 

gts® 

Vds = 10 V 

Id= 17.5 a 

10 

— 

10 

— 

mho 

Input Capacitance 

Ciss 

Vds = 25 V 

Vgs = 0 V 

f = 1 MHz 

- 

3000 

— 

3000 

PF 

Output Capacitance 

Coss 

- 

1500 

— 

1500 

Reverse Transfer Capacitance 

Crss 

— 

600 

— 

600 

Turn-On Delay Time 

td(on) 

Vdd = 50 V 

Id= 17.5 a 

Rgen~Rgs~50fi 

Vgs = 10 V 

45(typ) 

100 

45(typ) 

100 

ns 

Rise Time 

tr 

225(typ) 

450 

225(typ) 

450 

Turn-Off Delay Time 

td(off) 

240(typ) 

450 

240{typ) 

450 

Fall Time 

tf 

165(typ) 

350 

165(typ) 

350 

Thermal Resistance 
Junction-to-Case 

R^jc 

RFH35N08, 

RFH35N10 

Series 

- 

0.83 

- 

0.83 

°C/W 


^Pulsed: Pulse duration = 300 /js max., duty cycle = 2%. 


SOURCE-DRAiN DiODE RATiNGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFH35N08 

RFH35N10 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD * 

lsD= 17.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, dip/dt = too A/fJS 

200 (typ.) 

200 (typ.) 

ns 


* Pulsed: Pulse duration = 300 /js max., duty cycle = 2%. 


4-724 





NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE | , \ ^ POWER DISSIPATION (P-p) 


RFH35N08, RFH35N10 



92CS-38775 

Fig. 1 - Maximum safe operating areas for all types. 




CASE TEMPERATURE (tc) —°C 


92CS-37I68 
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JUNCTION TEMPERATURE (Tj)—°C 

92CS- 37I69 


Power vs. temperature derating curve for all types. Fig. 3 - Typical normalized gate threshold voltage as a function of 

junction temperature for all types. 



JUNCTION TEMPERATURE(Tj)-»C 

92CS-37I70 



Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 




















































RFH35N08, RFH35N10 




Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260 




Fig. 8 - Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. all types. 



92CS-37I76 

Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 


2.aa 



Fig. 11 - Switching Time Test Circuit. 
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Features 

• 35A, 80V and 100V 

• rDs(on) = O.OSSQ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFK35N08 and RFK35N10 are n-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. 

The RFK-types are supplied in the JEDEC TO-204AE steel 
package. 


RFK35N08 

RFK35N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


TO-204AE 
TOP VIEW 



Absolute Maximum Ratings (Tq = + 250 C), Unless Otherwise Specified 




RFK35N08 

RFK35N10 

UNITS 

Drain-Source Voltage. 

.VdsS 

80 

100 

V 

Drain-Gate Voltage (Rqs = 1 . 

Continuous Drain Current 

.VdgR 

80 

100 

V 

Tc = + 250 C. 

.Id 

35 

35 

A 

Pulsed Drain Current. 

.idm 

100 

100 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc = + 250 C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj,TstG 

-55 to +150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1499.1 


4-727 


N-CHANNEL 
POWER MOSFETs 


















Specifications RFK35N08, RFK25N10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise Specified. 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFK35N08 

RFK35N10 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

lo^TmA 

Vgs“0 

80 ' 

— 

100 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs=Vds 

lD=TmA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain Current 

loss 

>> 
tn o 

CD CO 

II II 

52 52 

Q Q 
>> 

_ 

1 

_ 

1 


Tc=i25?C 
Vds=65V 
Vds=80 V 

• - 

50 

- 

50 

Gate-Source Leakage Current 

less 

Vgs=±20 V 
Vds=0 

— , 

100 


100 

nA 

Drain-Source On Voltage 

VDs(on)" 

Id=17.5A 

Vgs-IOV 

— 

0.9625 


0.9625 

V 

Id=35 A 
Vgs=10V 

— 

3.5 


3.5 

Static Drain-Source On Resistance 

rDs(on)® 

Id=17.5 A 
Vgs=10V 


0.055 

— 

0.055 

0 

Forward Transconductance 

Qfs^ 

Vds=10V. 
Id=17.5 A 

10 

, ; 

10 

— ■ 

mho 

Input Capacitance 

Ciss 

Vds=25 V 

Vgs=0 V 

f=1 MHz 

— 

3000 

— 

3000 

PF 

Output Capacitance 

Coss 

— 

1500 

— 

1500 

Reverse Transfer Capacitance 

Crss 

— 

600 

— 

600 

Turn-On Delay Time 

td(on) 

Vdd=50 V 
Id=17.5 A 
Rgen=Rgs=50 Q 
Vgs-IO V 

45(typ) 

100 

45(typ) 

100 

ns 

Rise Time 

tr 

225{typ) 

450 

225(typ) 

450 

Turn-Off Delay Time 

td(off) 

240(typ) 

450 

240(typ) 

450 

Fall Time 

tf 

165(typ) 

350 

165(typ) 

350 

Thermal Resistance 

Junction-to-Case 

R^jc 

RFK35N08, 
RFK35N10 Series 

_ 

0.83 

_ 

0.83 

°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 




TEST 

CONDITIONS 

1 LIMITS 1 


CHARACTERISTIC 

SYMBOL 

1 RFK35N08 | 

1 RFK35N10 I 

UNITS 



MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD ® 

Isd=17.5A 


1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

1f=4A 

dip/dt^lOO A/yus 1 

200 (typ) 

200 (typ) 

ns 


^Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 
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RFP40N10 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


Features 

• 40A, 100V 

• ''DS(on) = 0.040ri 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• + 175 OC Operating Temperature 

Description 

The RFG40N10 and RFP40N10 n-channel BSD rated power 
MOSFET’s are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated circuits. 

The RFP40N10 is supplied in the JEDEC TO-220AB plastic 
package and the RFG40N10 is supplied in the TO-247 plastic 
package. 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-247 
TOP VIEW 



Terminai Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 

+ 250 C), Unless Otherwise Specified 





RFG40N10 

RFP40N10 

UNITS 

Drain-Source Voltage. 


.Vdss 

100 

V 

Drain-Gate Voltage (Rqs = 1 . 


.Vdgr 

100 

V 

Continuous Drain Current. 


.Id 

40 

A 

Pulsed Drain Current. 


.Idm 

100 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 


. Vqs 

±20 

V 

Tc = + 250 C. 


.Pd 

160 

W 

Derated Above+2 50 c. 



1.07 

W/OC 

Operating and Storage Junction Temperature Range. 

- TjC»TstG 

-55 to+175 

OC 


Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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N-CHANNEL 
POWER MOSFETs 

















CURRENT (Id) - AMPS 


Specifications RFG40N10, RFP40N10 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 250C unless otherwise specified. 






LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN 

MAX. 

UNITS 

Drain-Source Breakdown Voltage 

BVDSS 

ID = 0.25mA,VGS = 0V 

100 

- 


Gate Threshold Voltage 

VGS(th) 

VGS = VDS, ID = 0.25 mA 

2 

4 

Bi 

Zero Gate Voltage Drain Current 

IDSS 

VDS = 80 V, VGS 
Tc =150^0 

= 0V 

- 

1 

50 

fiA 

Gate-Source Leakage Current 

IGSS 

VGS = ±20V,VDS= OV 

- 

100 

nA 

Static Drain-Source on Resistance 

rDS(on) 

ID = 40 A, VGS = 

10V 

- 

0.040 

n 

Turn-On Time 

t(on) 



- 

80 


Turn-On Delay Time 

td(on) 

VDD = 50V,ID = 

20 A 

17(typ) 

- 


Rise Time 

tr 

Igl =lg2 = 1.2A 


30(typ) 

' - ■ 


Turn-Off Delay Time 

td(off) 

VGS (clamp): +10 V, -0.6 V 

42(typ) 


ns 

Fall Time 

tr 

RL = 2.5 n 


20(typ) 

- 


Turn-Off Time 

t{off) 



- 

100 


Total Gate Charge 

Qg(total) 

VGS = 0to20V 

VDD = 80 V 

- 

300 


Gate Charge at 10V 

Qg(10) 

VGS = 0to10V 

ID = 40 A 

- 

150 

nC 

Threshold Gate Charge 

Qg(th) 

VGS = 0to2V 

RL = 2n 

- 

7.5 


Plateau Voltage 

V(plateau) 

ID = 40 A,VDS = 

15V 

■ - 

7.5 

',;V, 

Turn-Off Energy Loss per Cycle 

Eoff 

VDD = 50 V, ID = 20 A, RL = 2.5 n 

L = 0.8MH,lg1 =lg2 = 1.2 A 

VGS (clamp): +10 V, -0.6 V 

- 

300 

PJ 

Thermal Resistance, Junction to Case 

R0JC 


- 

0.94 

oc/W 

Thermal Resistance, Junction to Ambient 

R0JA 


- 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN 

M/^. 

UNITS 

Diode Forward Voltage 

VSD 

ISD = 40A 

- 

1.5 

:V.’, ■ 

Reverse Recovery Time 

trr 

ISD = 40 A, dISD/dt = 100 A/}is 

- 

200 

ns 



DRflIN-TQ-SOURCE VOLTAGE CVds) - VOLTS 



0.01 0.10 1.00 10.00 

TIME IN AVALANCHE Ctav) - MILLISECONDS 


Figure 1 - Safe operating area curve. 

(Curves must be derated iineariy with increase in temperature.) 


Figure 2 - Unciarhped-inductive-switching safe-operating-area 
(singie pulse UlS SOA). See Figure 13 for test circuit. 


4-732 


















































































RFG40N10, RFP40N10 



CASE TEMPERATURE CTo) - degC CASE TEMPERATURE CTc) - dsgC 


Figure 3 - Maximum continuous drain current vs. temperature. Figure 4 - Normalized power dissipation vs temperature derating curve. 



DRflIN-TO-SOURCE VOLTRGE (Vds) - VOLTS BRTE-TO-SOURCE VOLTRGE CVgsD - VOLTS 

Figure 5 - Typical saturation characteristics. Figure 6 - Typical transfer characteristics. 



JUNCTION TEMPERRTURE (Tj) - degC 


Figure 7 - Normalized Rds(on) v's junction temperature. 



JUNCTION TEMPERRTURE CTj) - degC 
Figure 8 - Normalized gate threshold voltage. 
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N-CHANNEL 
POWER MOSFETs 









NORMALIZED DRflIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdse) - VOLTS 


RFG40N10, RFP40N10 



Figure 9 - Normalized drain source breakdown voltage vs temperature. Figure 10 - Typical capacitance vs voltage. 



Figure 11 - Normalized switching waveforms for constant gate-current. 

Refer to Harris application notes AN-7254 and AN-7260 


VtX) 


toi=«02 


,J1 


I— 



Vds 


Switching Test Circuit 



Figure 12 - Resistive switching. 












RFG40N10, RFP40N10 



N-CHANNEL 
POWER MOSFETs 



SEMICONDUCTOR 


January 1994 


RFG45N06 

RFP45N06 

45A, 60V, Avalanche Rated N-Channei 
Enhancement-Mode Power MOSFETs (MegaFETs) 


Features 

• 45A,60V 

• ■’ds(ON) - 0.028fl 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

• -i-iys^C Operating Temperature 

Description 

The RFG45N06, RFP45N06 N-Channel power MOSFETs 
are manufactured using the MegaFET process. This pro¬ 
cess, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, result¬ 
ing in outstanding performance. They were designed for use 
In applications such as switching regulators, switching 
converters, motor drivers, relay drivers and emitter switches 
for bipolar transistors. These transistors can be operated 
directly from integrated circuits. 

The RFG45N06 Is supplied In a JEDEC style TO-247 plastic 
package and the RFP45N06 Is supplied in the JEDEC 
TO-220AB plastic package. 

Formerly developmental type TA49028. 


Packaging 


Absolute Maximum Ratings (Tq = +25°C) 


Drain Source Voltage. 

Drain Gate Voltage. 

Gate Source Voltage. 

Drain Current 

RMS Continuous. 

Pulsed Drain Current. 

Pulsed Avalanche Rating. 

Maximum Avalanche Current. 

Power Dissipation 

Tc = +25°C. 

Derate above +25°C. 

Operating and Storage Temperature . 


JEDEC TO-220AB 

TOP VIEW 


DRAIN 

(FLANGE) 



JEDEC STYLE TO-247 

TOP VIEW 


(BOTTOM 
SIDE METAL) 




RFG45N06, RFP45N06 


Refer to Peak Current Curve 
Refer to UlS Curve 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1994 a -rno 
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Specifications RFG45N06, RFP45N06 


Electrical Specifications Tc = 'i-25°c, unless otherwise specified 



Gate Charge at 10V 


Threshold Gate Charge 


Plateau Voltage 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Thermal Resistance Junction to Case 


Thermal Resistance Junction to Ambient 


Source-Drain Diode Specifications 


PARAMETER 

■ 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Forward Voltage 

VsD 

Isd = 45A 

- 

- 

1.5 

V 

Reverse Recovery Time 

^RR 

IsD = 45A, dlso/dt = lOOA/ps 

- 

- 

125 

ns 



























































































































.DRAIN CURRENT (A) ^ Iq, DRAIN CURRENT (A) Iq, DRAIN CURRENT (A) 


RFG45N06, RFP45N06 




25 50 75 100 125 150 175 


Tc, CASE TEMPERATURE (‘'C) 

iURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 



Vds, DRAIN-TO-SOURCE voltage (V) 




Vgs. gate-to-source voltage (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


















































































RFG45N06, RFP45N06 


Typical Performance Curves (continued) 



-80 -40 0 40 80 120 160 200 

Tj^ JUNCTION TEMPERATURE (°C) 

FIGURE 7. NORMALIZED Rds(ON) vs JUNCTION 
TEMPERATURE 



-80 -40 0 40 80 120 160 200 


Tj, JUNCTION TEMPERATURE (^C) 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 



Vds> DRAIN-TO-SOURCE voltage (V) 
FIGURE 11. TYPICAL CAPACITANCE VS VOLTAGE 



-80 -40 0 40 80 120 160 200 

Tj, JUNCTION TEMPERATURE (^C) 

FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE 



0 25 50 75 100 125 150 175 

Tc, CASE TEMPERATURE (°C) 

FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 


< 

a 

8 

> 


IB 


m 

■ 

m 

i 

n 

u 

0 

i 


0.75 BVdss 0.75 BVdss- 
-0.50BVdss 0.50 BVdss- 
; 0.25 BVdss . 0.25 BVdss i 
Rl = 1.330 

Ig(REF) = 1'5mA 

Vgs = 10V 


Ig(ref) 

I- 

•gkact) 


t, TIME M 


80- 


Ig(ref) 

Ig(act) 


5.0 I 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFG45N06, RFP45N06 


Typical Performance Curves (Continued) 



0.01 0.1 1 10 


tAV. time in avalanche (msec) 
FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 



























RFG45N06, RFP45N06 


PSpice Model Listing 


Temperature Compensated PSPICE Model for the RFG45N06, RFP45N06 


.SUBCKT RFP45N06 2 1 3 


*NOM TEMP = +25°C 


CA 12 8 3.49E-9 
CB15 14 3.8E-9 
CIN 6 8 2E-9 

DBODY 7 5 DBDMOD 
□BREAKS 11DBKMOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK11 7 17 18 66.5 
EDS 14858 1 
EGS 13868 1 
ESG 6 1068 1 
EVTO 20 6 18 8 1 


LORAIN 2 5 IE-9 
LGATE 1 9 5.65E-9 
LSOURCE3 7 4.13E-9 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

RBREAK17 18RBKMOD 1 
RDRAIN 5 16 RDSMOD 3.58E-3 
RGATE 9 20 0.681 
RIN6 8 1E9 

RSOURCE 8 7 RDSMOD 13.6E-3 
RVTO 18 19 RVTOMOD 1 


l-DRAIN ^ 



L-SOURCE 3 


S1A612 13 8S1AMOD 
S1B1312 13 8S1BMOD 
S2A615 1413S2AMOD 
S2B 13 15 14 13S2BMOD 

VBAT819DC1 
VT0 21 6 0.92 

.MODEL DBDMOD D (IS=8.2E-13 RS=7.86E-3 TRS1=2.26E-3 TRS2=2.90E-6 CJO=2.07E-9 TT=5.72E-8) 
.MODEL DBKMOD D (RS=1.93E-1 TRS1=5.13E-4 TRS2=-2.15E-5) 

.MODEL DPLCAPMOD D (CJO=1.25E-9 IS=1E-30 N=:10) 

.MODEL MOSMOD NMOS (VTO=3.862 KP=55.57 IS=1E-30 N=10TOX=1 L=1U W=1U) 

.MODEL RBKMOD RES (TCI =1.12E-3 TC2=-5.18E-7) 

.MODEL RDSMOD RES (TC1=4.64E-3 TC2=1.58E-5) 

.MODEL RVTOMOD RES (TC1=-4.27E-3 TC2=-6.55E-6) 

.MODEL S1AMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-6.5 VOFF=-1.7) 

.MODEL S1BMOD VSWITCH (RON=1E-5 ROFF=0.1 VON=-1.7 VOFF=-6.5) 

.MODEL S2AMOD VSWITCH (RON=1 E-5 ROFF=0.1 VON=-3.0 VOFF=2) 

.MODEL S2BMOD VSWITCH (RON=1 E-5 ROFF=0.1 VON=2.0 VOFF=-3.0) 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFet Featuring Giobai 
Temperature Options; authored by William J. Hepp and C. Frank Wheatley. 
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RFH45N05 

RFH45N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 45A, 50V and 60V 

• rDS(o*^) = 0.0400 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• High-Current, Low-Inductance Package 


Package 


TO-218AC 
TOP VIEW 



. SOURCE 
» DRAIN 


Description 

The RFH45N05 and RFH45N06 are n-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFH-types are supplied in the JEDEC TO-218AC plastic 
package. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings [Iq = + 250 C), Unless Otherwise Specified 




RFH45N05 

RFH45N06 

UNITS 

Drain-Source Voltage. 

.vdss 

50 

60 

V 

Drain-Gate Voltage (Rqs = 1 MO). 

. • • •vdgr 

50 

60 

V 

Continuous Drain Current. 

.Id 

45 

45 

A 

Pulsed Drain Current. 

.Idm 

100 

100 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

±20 

V 

Tc == +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

.Tj.TstG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFH45N05, RFH45N06 


ELECTRICAL CHARACTERISTICS, at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH45N05 

RFH45N06 

Min. 

Max. 

Min. 

Max. 

Drain-Source Breakdown 

BVdss 

Id = 1 mA 

50 


60 

— 

V 

Voltage 


Vgs = 0 






Gate Threshold Voltage 

VGs(th) 

Vgs = Vds 

2 

4 

2 

4 

V 



Id = 1 mA 






Zero Gate Voltage Drain 

loss 

Vds = 40 V 

— 

1 

- 

— 


Current 


Vds = 50 V 

— 

— 

- 

1 




Tc= 125°C 








Vds = 40 V 

— 

50 

- 

— 




Vds = 50 V 

— 

- 

- 

50 


Gate-Source Leakage 

Igss 

Vgs = ± 20 V 

— 

100 

- 

100 

nA 

Current 


< 

o 

CO 

II 

O 






Drain-Source On Voltage 

VDs(on)a 

Id = 22.5 A 

- 

0.9 

- 

0.9 




Vgs = 10 V 





V 



Id = 45 A 

— 

3.6 

- 

3.6 




Vgs = 10 V 






Static Drain-Source On 

rDs(on)a 

Id = 22.5 A 

— 

.04 

— 

.04 

Q 

Resistance 


> 

o 

II 

(0 

(3 

> 






Forward Transconductance 

g..« 

Vds = 10 V 

10 


10 

- ' 

mho 



Id = 22.5 A 






Input Capacitance 

Ciss 

Vds = 25 V 

- 

3000 

- 

3000 


Output Capacitance 

Coss 

Vgs = 0 V 

— 

1800 

- 

1800 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1 MHz 

— 

750 

_ 

750 


Turn-On Delay Time 

td(on) 

Vds = 30 V 

40(typ) 

80 

40(typ) 

80 


Rise Time 

tr 

Id = 22.5 A 

310(typ) 

475 

310(typ) 

475 


Turn-Off Delay Time 

td(off) 

Rgen=Rgs~50O 

220 (typ) 

350 

220 (typ) 

350 


Fall Time 

tf 

Vgs = 10 V 

240(typ) 

375 

240(typ) 

375 


Thermal Resistance 

R^jc 

RFH45N05. 






Junction-to-Case 


RFH45N06 

— 

0.83 

— 

0.83 

°C/W 



Series 







spulsed: Pulse duration = 300 //s max., duty cycle = 2%. 

SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 


TEST CONDITIONS 

RFH45N05 

RFH45N06 

UNITS 




Min. 

Max. 

Min. 

Max. 


Diode Forward Voltage 

Vsd'^ 

IsD = 22.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, d,F/dt = 100 A/yws 

150 (typ.) 

150 (typ.) 

ns 


* Pulse Test: Width < 300 //s, Duty cycle < 2%. 
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KK::«S:ihi:858:asSj:l 


DRAIN CURRENT do) —A 


DRAIN-TO-SOURCE VOLTAGE (Vnc) —V 



Fig. 8 Typical drain-to-source on resistance as a function of Fig. 9 - Capacitance as a function of drain-to-source voltage for 
drain current for all types. types. 







^ .ill .lilil 




** b lii lb dU 2b 

DRAIN-TO-SOURCE CURRENT (Id)“A 



Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 
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RFK45N05 

RFK45N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 45A, 50V and 60V 

• rDS(on) = 0.040^ 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AE 
BOTTOM VIEW 



DRAIN 

^ (FLANGE) 


Description 

The RFK45N05 and RFK45N06 are n-channel enhancement- Terminal Diagram 
mode silicon-gate power field-effect transistors designed for 

applications such as switching regulators, switching N-CHANNEL ENl 

converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated direct¬ 
ly from integrated circuits. > 

The RFK-types are supplied in the JEDEC TO-204AE steel /1 

package. G o-U 


N-CHANNEL ENHANCEMENT MODE 


Absolute Maximum Ratings (Jq = +250C), Unless Otherwise Specified 




RFK45N05 

RFK45N06 

UNITS 

Drain-Source Voltage. 

.V0SS 

50 

60 

V 

Drain-Gate Voltage (Rqs “ ^ . 

Continuous Drain Current 

.V0GR 

50 

60 

V 

Tc = +250C. 

.Id 

45 

45 

A 

Pulsed Drain Current. 

.Idm 

100 

100 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

. vgs 

±20 

±20 

V 

Tc = +250C. 

.Pd 

150 

150 

W 

Linear Derating Factor. 


1.2 

1.2 

W/OC 

Operating and Storage Temperature. 

. Tj.TSTG 

-55 to +150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFK45N05, RFK45N06 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFK45N05 

RFK45N06 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs=0 

50 

— 

60 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs-Vds 

Id= 1 mA 

2 

4 

2 

4 

V 

Zero Gate Voltage Drain Current 

loss 

>> 

II II 

>> 

_ 

1 

_ 

1 

A/A 

Tc=125°c 
Vds=40 V 
Vds=50 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

Igss 

Vgs=±20 V 
Vds=0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)" 

Id=22.5 a 
Vgs=10V 

— 

0.9 

— 

0.9 

V 

Id=45 a 
Vgs=10V 

— 

3.6 

— 

3.6 

Static Drain-Source On Resistance 

rDs(on)® 

Id=22.5 a 
Vgs^IOV 

— 

.04 

— 

.04 

0 

Forward Transconductance 

^ a 

Qis 

Vds=10 V 
Id=22.5 a 

10 

— 

10 

— 

mho 

Input Capacitance 

Ciss 

Vds=25 V 

Vgs- 0 V 
f=1MHz 

— 

3000 

— 

3000 

PF 

Output Capacitance 

Coss 

— 

1800 

— 

1800 

Reverse Transfer Capacitance 

Crss 

— 

750 

— 

750 

Turn-On Delay Time 

td(on) 

Vdd = 30 V 
Id=22.5 a 
R gen=Rgs=50 0 
Vgs=10V 

40(typ) 

80 

40(typ) 

80 

ns 

Rise Time 

tr 

310(typ) 

475 

310{typ) 

475 

Turn-Off Delay Time 

td(off) 

220 (typ) 

350 

220 (typ) 

350 

Fall Time 

tf 

240{typ) 

375 

240{typ) 

375 

Thermal Resistance 

Junction-to-Case 

R^jc 

RFK45N05, 
RFK45N06 Series 

_ 

0.83 

_ 

0.83 

°C/W 



^Pulsed: Pulse duration = 300/ys max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 




TEST 

CONDITIONS 

1 LIMITS 1 


CHARACTERISTIC 

SYMBOL 

1 RFK45N05 I 

1 RFK45N06 | 

UNITS 




Max. 

Min. 

Max. 


Diode Forward Voltage 

VsD 

IsD = 22.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If - 4A 

dip/dt = 100A//iS 



ns 


*Pulse Test: Width < 300 ps, Duty Cycle < 2%. 
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POWER DISSIPATION (Py) 













































































































































RFK45N05. 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and ^>^-7260 



Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 



DRAIN-TO-SOURCE CURRENT (Id)—A 

92CS-37I45 


Fig. 10 -r- Typical forward trarisconductance as a function 
of drain current for all types. 


■K45N06 



DRAIN-TO-SOURCE VOLTAGE (Vqs) —V 

92CS-37142 


Fig. 7 — Typical saturation characteristics for all types. 



92CS-37146 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 



i.3ii 



Fig. 11 - Switching Time Test Circuit. 
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RFP50N05 

RFG50N05 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


Features 

• 50A,50V 

• ''DS(on) = 0.022n 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +175OC Operating Temperature 

Description 

The RFP50N05 and RFG50N05 n-channel power MOSFET’s are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. 

The RFP50N05 is supplied in the JEDEC TO-220AB plastic 
package and the RFG50N05 is supplied in the TO-247 plastic 
package. 


Package 


DRAIN 

(FLANGE) ^ 

u_ 


T0-220AB 
TOP VIEW 


• SOURCE 
> DRAIN 
•GATE 


TO-247 
TOP VIEW 



Termina! Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 

RFP50N05 

RFQ50N05 

UNITS 

Drain-Source Voltage. 

.VdsS 

50 

V 

Drain-Gate Voltage (Rqs MD). 

.Vdgr 

50 

V 

Continuous Drain Current. 

.Id 

50 

A 

Pulsed Drain Current. 

.Idm 

120 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20 

V 

Tc = + 25 OC . 

.Pd 

132 

W 

Derated Above+ 250 C. 


0.88 

W/OC 

Operating and Storage Junction Temperature Range. 

Single-Pulse Avalanche Ratings. 

••Tjc.TstG 

-55 to+175 

OC 

Refer to UlS SOA Curve 


Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFP50N05 RFG50N05 




Electrical Characteristics At Case Temperature (Tq) = + 25 OC, Unless otherwise Specified 


CHARACTERISTICS 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 


Zero Gate Voltage 
Drain Current 


Gate-Source 
Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time 



TEST CONDITIONS 


BVqss Id =0.25mA, Vqs = OV 


VGS{th) Vgs = Vds 
Iq = 0.25mA 


IdSS Vqs =40V, Vqs = OV 

Tc =4-150OC 


•GSS Vqs = ±20V 


»'DS(Of^) MD = 50A, Vqs = 1 OV 


t(on) Vdd = 25V, Iq = 25A 

^d{on) RL = 1.on 

Ig1 =Ig2 = 1.5A 

td{off) I VGS(clamp) = +*• OV, -0.6V 


Gate Charge at 10V 


Threshold Gate Charge 


Plateau Voltage 


Turn-Off Energy 
Loss per Cycle 


vgs = 0 - 20 V Vdd = ^ov 

Vgs = 0 - 10 V Id = 50 A 

Vgs =o- 2 v rl = 0 . 8 a 


V{plateau) Ip = 50A, Vds = 15V 


Vdd = 25V, Id = 25 A, Igi = Ig2 = 1 .sa 
VGS{ clamp) = +1 OV, -0.6V, L = 0.2[iH, 

Ri_ = 1 .on 



Thermal Resistance Diode 
Junction to Ambient 




Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 



TEST CONDITIONS 


Forward Voltage 


Reverse Recovery Time 


VSD iSD = 50A 


trr If = 50A, dif/dt = 10OA/fis 


Id MRX CONTINUOUS 


pPERflTION IN THIS 


= STfIRTIHe TJ- ZSdagC ' 
; STARTING IJ- leOdogC. 


If R,‘o I I lirv. 

tQv-(L/R)lnC(Io8KR)/(f.3 RATED BVdaa-VddHH 

10'-■-■ 

O.OI 0.10 1.00 10.00 

TIME IN RVBLflNCHE (lav) - MILLISECONDS msgoHOG 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UlS SOA) 



DRRIN-TO-SOURCE VOLTAGE (Yds) - VOLTS sonBONOB 

FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 

MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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RFP50N05 RFG50N05 


Performance Curves 




76 100 126 m 

CRSE TEMPERATURE (Tc) - degC 


26 60 76 100 125 160 

CnSE TEMPERATURE (Tc) - degC 


FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. 
TEMPERATURE 


FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE DERATING CURVE 


PULSE DURnTI0N”80u8 Tc-25 ( 



^^ 

0 12 3 4 5 

DRAIN-TO-SOURCE VOLTAGE (Vds) - V gnreoNOB 

FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


Pulse Test 
Pulse Duratlo 
Duty Cycle'*.6 

i“250us 

z mx 

~~T~ 

j / 








ink 

U / 




// 

f/ 



J 




J 




GATE-TO-SOURCE VOLTAGE (Vgs) - V VGS6DN 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 


PULSE DURATI0N-260ue Vge-lOV Id-60n 



“60 0 60 100 160 
JUNCTION TEMPERATURE (TJ) - degC 

FIGURE 7. NORMALIZED rDS(on) VS. JUNCTION 
TEMPERATURE 


Yge-Vdf 

Id-250uR 











^-- 

-^ 















“60 0 60 100 160 200 
JUNCTION TEMPERATURE (TJ) - degC 

RGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
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NORMALIZED DRflIN-TO-SOURCE 
BREAKDOWN VOLTAGE (BVdssD - VOLTS 


RFP50N05 RFG50N05 


Performance Curves (Continued) 



Vgs=0V FREQUENCY (fl=1MHz 


0 60 100 160 
JUNCTION TEMPERATURE (TJ) - degC 


FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 

BREAKDOWN VOLTAGE VS. TEMPERATURE 



5 10 15 

SOURCE-TO-DRAIN VOLTAGE (\/sd)-V 


FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 



TIME - MICROSECONDS 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 




SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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RFP50N05 RFG50N05 


Performance Curves (Continued) 


VARY to TO OBTAIN 
REQUIRED PEAK II 


vq8~iovP htp<*| 



I 1 


/ \ 
k _ u. 


FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 14. UNCLAMPED ENERGY WAVEFORMS 






SEMICONDUCTOR 


February 1994 


RFG50N06 

RFP50N06 

50A, 60V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 


Features 

• 50A,60V 

• *’ds(ON) = 0.0220 

• Temperature Compensating PSPICE Model 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

• +175°C Operating Temperature 

Description 

The RFG50N06 and RFP50N06 N-Channel power MOS¬ 
FETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSi 
integrated circuits gives optimum utilization of silicon, result¬ 
ing in outstanding performance. They were designed for use 
in applications such as switching regulators, switching con¬ 
verters, motor drivers, relay drivers and emitter switches for 
bipolar transistors. These transistors can be operated 
directly from integrated circuits. 

The RFG50N06 is supplied in the JEDEC TO-247 plastic 
package; the RFP50N06 is supplied in the JEDEC 
TO-220AB plastic package. 

When ordering use the entire part number; eg. RFG50N06 
Formerly developmental type TA49018. 


Package 


DRAIN 

(FLANGE) 


(BOTTOM 
SIDE METAL) 


JEDEC TO-220AB 
TOP VIEW 



JEDEC STYLE TO-247 
TOP VIEW 





Absolute Maximum Ratings (Tq = +25°c) 


RFG50N06, RFP50N06 


Drain Source Voltage. 

Drain Gate Voltage. 

Gate Source Voltage. 

Drain Current 

RMS Continuous. 

Pulsed Drain Current. 

Pulsed Avalanche Rating.... 
Maximum Avalanche Current. 

Power Dissipation 

Tc = +25°C. 

Derate above +25°C. 


Refer to Peak Current Curve 
Refer to UlS Curve 


Operating and Storage Temperature . 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1993 . ___ 
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Specifications RFG50N06, RFP50N06 


Electrical Specifications Tc = +25°c, unless otherwise Specined 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 

BVqss 

Id = 0.25mA, Vqs = OV 

Gate Threshold Voltage 

Vgs{TH) 

Vgs = Vds. Id = 0.25mA 

Zero Gate Voltage Drain Current 

loss 

Vds = 60V, 

Vgs = 0 V 

Tc = -»-25°C 


Gate-Source Leakage Current 

■gss 

Vqs = ±20V 

On Resistance 

'’DS(0N) 


Turn-On Time 

k)N 

Vdd = 30V, Id = 50A 

Rl = 0.60, Vqs = +10V 

Rgs = 3.60 

Turn-On Delay Time 

fD(ON) 

Rise Time 

tp 

Turn-Off Delay Time 

tD(OFF) 

Fall Time 

tF 

Turn-Off Time 

toFF 

Total Gate Charge 

Qg(TOT) 

Vqs = 0 to 20V 

Vdd = 48V, 
Id = 50A, 

Rl = 0.960 

Gate Charge at 10V 

Qg(10) 


Threshold Gate Charge 

QG(tH) 


Plateau Voltage 

V(PLATEAU) 

Id = 50A, Vds= 15V 

Input Capacitance 

C|SS 

Vds = 25V,Vgs = 0 V 
f=1MHz 

Output Capacitance 

Cqss 

Reverse Transfer Capacitance 

Crss 



Thermal Resistance Junction to Case R 





Thermal Resistance Junction to Ambient Rej/y 



Source-Drain Diode Specifications 


PARAMETER 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Forward Voltage 

VsD 

Isd = 50A 

- 

- 

1.5 

V 

Reverse Recovery Time 

tpR 

IsD ~ 50A, dlGo/dt = 1 0OA/jjs 

- 

- 

125 

ns 
























































































































RFG50N06. RFP50N06 


Typical Performance Curves 


Tc * +2S°C 


mmaams^ummmm 

■■WBBMailHi 




iSZami 

18111™! 



Vdss max =: 60V 


1 10 

Vds. DRAIN-TO-SOURCE voltage (V) 

FIGURE 1. SAFE OPERATING AREA CURVE 



25 50 75 100 125 150 175 

Tc, CASE TEMPERATURE (°C) 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 



r ^. _i. DUTY FACTOR: D = tiAj [[mmi 

/single PULSE PEAKTj.PpMxZejc + Tc | 

... . 1,1 muj_ 1 j..i,i,imi _ LiJiiiiiJ _L1.II111IJ 

10 ® 10 -^ 10 *® 10 ^ 10 '^ 10 ° 10 ^ 
t, RECTANGULAR PULSE DURATION (s) 

FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 

Tc = +25°C 



10-3 ^ 0-2 10 *^ 10 ° 10 ^ 102 103 

t, PULSE WIDTH (ms) 

FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE DURATION » 250^s, Tc = +25°C 


II 

CO 




Vqs 

s7V 





Vqs 

s6V 


_Vqs 

=:5V _ 


Vds, DRAIN-TO-SOURCE VOLTAGE (V) 

FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


PULSE TEST 

j 100 - PULSE DURATION s 250^8 
DUTY CYCLE = 0.5% MAX 


Vdd 

= 15V 

r? 


^+175°C 








0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 

Vqs, GATE-TO-SOURCE voltage (V) 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFG50N06, RFP50N06 


Typical Performance Curves (continued) 

PULSE DURATION s 250^8, Vqs »10V, Iq » 50A 


Vgs = Vds.Id = 250^A 



Tj, JUNCTION TEMPERATURE {°C) 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 

Tc, CASE TEMPERATURE (°C) 
FIGURE 10. NORMALIZED POWER DISSIPATION vs 
TEMPERATURE DERATING CURVE 

VGssOV.falMHz 






- 0.75BVdss 

0.75 BVdss^ 

— 0.50 BVdss 

0.50 BVq33 — 

— 0.25 BVoss 

0.25 BVdss— 

1 Rls1.20 I 

•g(REF) = 

1.45mA 

Vgs = 10V 

^EF) 

- - t TIM 

1 


Vds. DRAIN-TO-SOURCE voltage (V) 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


ICKACT) •g(ACT) 

FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 
CONSTANT GATE CURRENT. REFER TO 
APPLICATION NOTE AN7254 AND AN7260 
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RFGS0N06, RFP50N06 


Typical Performance Curves (Continued) 


10 f= STARTING T.i = 


tAV * (L) (Ias) / (1-3 rated BVdss - Vdd) 

IFR^eO 

tAv = (L/R) In I{Ias‘R) / (1-3 rated BVdss - Vdd) +1) 

1 _I_I_I l..i 1 I u_-J_» I I I I I 11_I I I I I 

0.01 0.1 1 

tAv> time in avalanche (ms) 

FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 
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- tp 

BVdss 

* 

* 

i 

_ ^ 

^Vdd 

VARY tp TO OBTAIN 
REQUIRED PEAK Ias 
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SEMICONDUCTOR 


RFP70N03 


Package 


March 1994 


Features 

• 70A,30V 

• rDS(ON) ~ 0-0^0^ 

• UlS Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +175°C Operating Temperature 

• PSPICE Model 


Description 

The RFP70N03 (TA49025) N-Channel power MOSFET is 
manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed 
for use in applications such as switching regulators, 
switching converters, motor drivers, relay drivers and emitter 
switches for bipolar transistors. These transistors can be 
operated directly from integrated circuits. 

The RFP70N03 is supplied in the JEDEG TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tq = +25°C), Unless otherwise Specified 


70A, 30V, Avalanche Rated N-Channel 
Enhancement-Mode Power MOSFET (MegaFET) 


TO-220AB 
TOP VIEW 


SOURCE 

DRAIN 

GATE 



Drain-Source Voltage.. V^ss 

Drain-Gate Voltage. .*. Vdqr 

Gate-Source Voltage. Vqs 

Continuous Drain Current 

RMS Continuous... Iq 

Pulsed Drain Current ... Iqh 4 

Single Pulse Avalanche Rating.. ^AS 

Power Dissipation 

Tc = +25°C. Pd 

Above Tc = +25°C, Derate Linearly....Pj 

Operating and Storage Junction Temperature Range ...Tj, Tstg 


(Refer to UlS Curve) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1993 y| 7 C 1 
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Specifications RFP70N03 


Electrical Characteristics At Case Temp^ature (Tq) »unless otherwise Specified 


TEST CONDITIONS 


= 0.25mA, Vqs = 0V 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 

BVqss 

Gate Threshold Voltage 

Vgs(th) 

Zero Gate Voltage Drain Current 

loss 

Gate-Source Leakage Current 

Iqss 

On Resistance 

•’DS(ON) 

Turn-On Time 

k)N 

Turn-On Delay Time 

fD(ON) 

Rise Time 

tR 

Turn-Off Delay Time 

b(OFF) 

Fall Time 

tp 

Turn-Off Time 

k>FF 

Total Gate Charge 

Qg(tot) 

Gate Charge at 10V 

Qg(10) 

Threshold Gate Charge 

Qg(th) 

Plateau Voltage 

V(PUTEAU) 

Input Capacitance 

C|ss 

Output Capacitance 

Cqss 

Reverse Transfer Capacitance 

Crss 

Thermal Resistance Junction to Case 

Rejc 

Thermal Resistance Diode 

Junction to Ambient 

ReJA 


Vds=30V 
Vqs = 0V 


Vqs = ±20V 


Id = 70A,Vgs=10V 


Vdd=15V, Id = 70A 
Rl = 0.214Q,Vgs = +10V 
Rqs = 2.50 


C 


Tc=150°C 



Id = 70A, 


Vds = 25V,Vgs = 0V 
f=1MHz 



Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 


Diode Forward Voltage 


Reverse Recovery Time 



TEST CONDITIONS 


SQ = 70A 


lsD = 70A,dlsD/dt = 100A/ns 



LIMITS 

TYP MAX UNITS 


1.5 


125 




























































































































DRAIN CURRENT (Iq) - AMPS DRAIN CURRENT (Iq) - AMPS DRAIN CURRENT (Iq) - AMPS 


RFP70N03 



4-763 


N-CHANNEL 
POWER MOSFETs 




























NORMALIZED rDS(ON) 


RFP70N03 



Vgs*Vds Id«250^A 


JUNCTION TEMPERATURE (Tj) - °C 


JUNCTION TEMPERATURE (Tj) - °C 


FIGURE 7. NORMALIZED rDS(ON) vs JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 

TEMPERATURE 


Vgs > OV, FREQUENCY (f)«1 MHz 



JUNCTION TEMPERATURE (Tj) • °C 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


5 2 

DRAIN-TO-SOURCE VOLTAGE (Vos) - VOLTS 
FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 
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1. DUTY FACTOR, D 8^2 
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RECTANGULAR PULSE DURATION (t) • SECONDS 

FIGURE 11. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 



°|<5 (act) 


TIME (t) • ^s 80 


IqCREF) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 

CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260. 
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FIGURE 13. RESISTIVE SWITCHING TEST CIRCUIT. 


Vd 


Vq 


Vos 



FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 
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RFP70N03 


PSPICE Model for the RFP70N03 

.SUBCKT RFP70N03 2 1 3; rev 9/16/92 

*Nom Temp=25 deg C 


CA 12 8 6.09e-9 
CB1514 6.05e-9 
CIN 6 8 3.40e-9 

DBODY7 5DBDMOD 
□BREAK 5 11 DBKMOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK117 1718 35.4 Evto 

EDS 14 8581 GATE Lgat* Rgat* 

1 


EGS 13868 1 
ESG610681 
EVTO 2061881 

IT8171 

LDRAIN2 51e-9 
LGATE 1 9 3.10e-9 
LSOURCE3 71.82e-9 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

RBREAK 17 18 RBKMOD 1 
RDRAIN 5 16 RDSMOD 30.7e-6 
RGATE9 20 0.890 
RiN6 81e9 

RSOURCE 8 7 RDSMOD 3.92e>3 
RVTO 18 19 RVTOMOD 1 


Dnlean 



S1A612 13 8S1AMOD 
S1B13 1213 8S1BMOD 
S2A6151413S2AMOD 
S2B13151413S2BMOD 


VBAT 8 19 DC 1 
VTO 21 6 0.605 


.MODEL DBDMOD D (IS=7.91e-12 RS=3.87e-3 TRS1*2.71e-3 TRS2=2.50e-7 CJO=4.84e-9 TT=4.51e-8) 
.MODEL DBKMOD D (RS=3.9e-2 TRS1=1.05e-* TRS2=3.11e-5) 

.MODEL DPLCAPMOD D (CJO=4.8e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.46 KP=47 IS=1 e-30 N=10 TOX=1 L=1 u W=1 u) 

.MODEL RBKMOD RES (TC1=8.46e-4 TC2=-8.48e-7) 

.MODEL RDSMOD RES (TC1=2.23e-3 TC2=6.56e-6) 

.MODEL RVTOMOD RES (TC1=-3.29e-3 TC2=3.49e-7) 

.MODEL SI AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-8.35 VOFF=-6.35) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-6.35 VOFF=-8.35) 

.MODEL S2AMOD VSWITCH (RON=:1e-5 ROFF=0.1 VON=-2.0 VOFF«3.0) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF^O.1 VON=3.0 VOFF*-2.0) 


.ENDS 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-clrcutt for the Power MQSFet Featuring Global Temper, 
ature Options; authored by William J. Hepp and C. Frank Wheatley. 
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RFG70N06 

RFP70N06 

N-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 70A,60V 

• rDS(o„) = 0.014a 

• UlS Rating Curve (Single Pulse) 

• SOA Is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +175°C Operating Temperature 

• Temperature Compensated SPICE Model Provided 

Description 

The RFG70N06 and RFP70N06 N-Channel power MOSFETs are 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFG70N06 is supplied In the JEDEC TO-247 style plastic 
package and the RFP70N06 is supplied in the JEDEC TO-220AB 
plastic package. 


Packages 


TO-220AB 
TOP VIEW 



TO-247 
TOP VIEW 



Absolute Maximum Ratings (Tq = +25°C), Unless otherwise Specified 


Drain Source Voltage. Vqss 

Drain Gate Voltage. Vqqr 

Gate Source Voltage. Vqs 

Drain Current 

RMS Continuous.Ip 

Pulsed Drain Current. Idm 

Single Pulse Avalanche Rating.E^s 

Power Dissipation 

Tc = +25°C. Pd 

Derate above +25°C. 

Operating and Storage Temperature. Tstq.Tj 


RFG70N06, RFP70N06 


70 

180 

Refer to UlS Curve 

150 

1.0 

-55 to +175 


CAUTION; These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 ___ 
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Specifications RFG70N06, RFP70N06 


Electrical Characteristics At Case Temperature (Tq) +25^C, Unless otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Deiay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


Total Gate Charge 


Gate Charge at 10V 


Threshold Gate Charge 


Plateau Voltage 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-Off Energy Loss per Cycle 


SYMBOL 


BVqss 


TEST CONDITIONS 


Thermal Resistance Junction to Case 

•^c 

Thermal Resistance Junction to Ambient 

F^ija 



SOURCE-DRAiN DiODE RATiNGS AND CHARACTERiSTiCS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Forward Voltage 

VsD 

Isd = ’^0A 

- 

- 

1.5 

V 

Reverse Recovery Time 

trr 

lso = 70A, dlsD/dt=100A/MS 

- 

■ 

125 

ns 



























































































































DRAIN CURRENT (Id) - AMPS DRAIN CURRENT (Id) - AMPS DRAIN CURRENT (Id) - AMPS 


RFG70N06, RFP70N06 
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RFG70N06, RFP70N06 



0 €0 100 150 

JUNCTION TEMPERATURE <TJ) - d«QC 


0 60 100 ISO 

JUNCTION TEMPERATURE (TJ) - dsgC 


FIGURE 7. NORMALIZED rDs<on) vs. JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs. 

TEMPERATURE 












. Cl0« 






Co»« 



—Crea 







0 26 50 75 too 125 180 176 

JUNCTION TEMPERATURE (TJ) < d«gC 


6 10 16 80 
ORAIN-TO-SOURCE VOLTAGE CVd») - VOLTS 


NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs. TEMPERATURE 


FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 




FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR 

CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


FIGURE 12. RESISTIVE SWITCHING TEST CIRCUIT 
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m iHARRis RFG75N05E 

RFH75N05E 

N-Channel Enhancement-Mode 
January 1993 Power Field-Effect Transistors (MegaFETs) 


Features 

• 75A, 50V 

• «'DS{on) = o.oosn 

• Electrostatic Discharge Rated 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• +1750C Operating Temperature 

• Temperature Compensated SPICE Model Provided 

Description 

The RFG75N05E and RFH75N05E n-channel ESD rated power 
MOSFET’s are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, resulting in 
outstanding performance. They were designed for use in 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers and emitter switches for bipolar 
transistors. These transistors can be operated directly from 
integrated circuits. 

The RFG75N05E is supplied in the TO-247 style (3 lead) plastic 
package and the RFH75N05E is supplied in the TO-218 (3 lead) 
plastic package. 


Package 


TO-218 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 



> SOURCE 

> DRAIN 
>GATE • 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 



Absolute Maximum Ratings {Tq = +250C), Unless Otherwise Specified 




RFG75N05E 

RFH75N05E 

UNITS 

Drain-Source Voltage. 

. Vpss 

50 

V 

Drain-Gate Voltage (Rqs = ^ Mfl) . 

. Vdgr 

50 

V 

Continuous Drain Current. 

. b 

75* 

A 

Pulsed Drain Current. 

.Idm 

200 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

V 

Tc = + 25 OC . 

.Pd 

240 

W 

Derated Above+2 50 c. 


1.6 

W/OC 

Operating and Storage Junction Temperature Range. 

Electrostatic Discharge Rating 

••••TjoTstG 

-55 to +175 

OC 

MIL-STD-883, Category B{2). 

Single-Pulse Avalanche Rating 
*Id Current Limited by Package 

. E3Q 

2 

Refer to UlS SOA Curves 

kV 


Caution: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications RFG75N05E RFH75N05E 


Electrical Characteristics At Case Temperature (Tq) = + 25 OC, Unless otherwise Specified 


CHARACTERISTICS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source 

Breakdown Voltage 

bvdss 

Id =0.25mA,VGS = 0V 

50 

- 

- 

V 


VGS(th) 

Vgs = Vds 

Id = 0.25mA 

2 

■1 

■ 

Hi 

Zero Gate Voltage 

Drain Current 

•dss 

Vds =40V,Vgs = 0V 

- 

- 

1 

fiA 

Tc ==+150OC 

- 

- 

50 

fiA 

Gate-Source 

Leakage Current 

'gss 

Vgs = ±20V 

■1 

■ 


nA 

On Resistance 

rDS(on) 

Id = 75A,Vgs = 10V 

- 

- 

0.008 

O 

Turn-On Time 

Hon) 

Vdd = 25V, Id = 37.5A 

Rl = 0.670 

Ig1 =Ig2 = 3A 

VGS(clamp) = +1OV, -0.6V 

- 

- 

125 

ns 

Turn-On Delay Time 

td{on) 

- 

17 

- 

ns 

Rise Time 

V 

- 

75 

- 

ns 

Turn-Off Delay Time 

td(off) 

- 

70 

- 

ns 

Fall Time 

H 

- 

17 

- 

ns 

Turn-Off Time 

\on) 

- 

- 

125 

ns 

Total Gate Charge 

Qg{tot) 

VgS = 0.20V 

Vdd = 40 V 

Id = 75A 

Rl = 0.530 

- 

- 

400 

nC 

Gate Charge at 10V 

Qg(iO) 

Vgs = o.'‘ov 

- 

- 

220 

nC 


Og(th) 

VgS=0 .2V 

- 

- 

15 

nC 

Plateau Voltage 

^(plateau) 

Id = 75A,Vds=15V 

- 

- 

7.5 

V 

Turn-Off Energy 

Loss per Cycle 

Eoff 

Vdd = 25V, Id = 37.5A, Ig1 = Ig 2 = 3A 
VGS{clamp) = +1OV, -0.6 V, L = 0.2mH, 

Rl = 0.670 

■ 

■ 

300 


Thermal Resistance 

Junction to Case 

R0JC 


- 

- 

0.625 

oc/W 

Thermal Resistance Diode 

Junction to Ambient 

RejA 


" 

- 

80 

OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 
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0.10 I.OO 
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DRflIN-TO-SOURCE VOLTAGE (Yds) - VOLTS 


FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING SOA 
(SINGLE PULSE UlS SOA) 


FIGURE 2. SAFE-OPERATING-AREA CURVE. (CURVES 

MUST BE DERATED LINEARLY WITH INCREASE 
IN CASE TEMPERATURE) 
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NORMALIZED RdaCon) DRftIN CURRENT (Id) - RHPS Tl DRAIN CURRENT (Id) - AMPS 


RFG75N05E RFH75N05E 


Performance Curves 



E5 BO 75 100 IZB 1B0 175 

CASE TEMPERATURE (To) - dogC 

CURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. 
TEMPERATURE 



0.0 1.5 3.0 4,5 8.0 7.5 


DRHIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 

FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 



JUNCTION TEMPERATURE (Tj) - degC 

FIGURE 7. NORMALIZED rDS(on) VS. JUNCTION 
TEMPERATURE 



CASE TEMPERATURE (To) - dogC 

FIGURE 4. NORMALIZED POWER DISSIPTION VS. 
TEMPERATURE DERATING CURVE 


Vdd » Id X Rdson 



FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 



JUNCTION TEMPERATURE (TJ) - dogC 
FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 
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NORMALIZED ORfllN-TO-SOORCE 
BREAKDOWN VOLTAGE {BVdss) - VOLTS 


RFG75N05E RFH75N05E 


Performance Curves (Continued) 
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JUNCTION TEMPERATURE CTJ) - degC 
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DRRIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 


FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 

^EAKDOWN VOLTAGE VS. TEMPERATURE 


FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 


Cgrte source- 

VOLTAGE 


RL-0.007 ohms 
Ig(REF)-3.44mR j 
Vgs-lOV 


+0.76VdeB 

jo.SOVdss 

io.ZBVdss 


0.75VdB8-- 

O.GOVdss-- 

O.EBVdss-- 


DRRIN SOURCE VOLTRGE 


Ig(flCT) Tlra 


IgCREFF) 

Ig(RCT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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RFG75N05E RFH75N05E 


Performance Curves (Continued) 


Vos 



FIGURE 13. UNCLAMPED ENERGY TEST CIRCUIT 


BVOSS 



Spice Model 


.SUBCKTRFH75N05 2 1 3; rev 10/30/90 

*Nominal Temperature = 250C 
CchargeA 12 8 8.98e-9 
CchargeB 15 14 8-81 e-9 
Cin 6 8 4.48e-9 

Depletion_cap 10 5 DPLCAPMOD 

Dbody 7 5 DBODYMOD 
□break 5 11 DBREAKMOD 
Eds 14 8 5 8 1 
Egs 13 8 6 8 1 
Esg 6 10 6 8 1 
Ebreak 11 7 17 18 58.4 

Evto 20 6 18 8 1 
Ipos 8 17 1 

Ldrain 2 5 e-10 
Lgate 1 9 5e-9 

Lsource 3 7 3e-9 
Mos 16 6 8 8 MOSMOD 
Rbreak 17 18 RBREAKMOD 1 
Rdrain 5 16 RSOURCEMOD 3.07e-3 
Rgate 9 20 1.2 
Rin 6 8 1e9 

Rsource 8 7 RSOURCEMOD 2.e-3 

Rvto 18 19 RVTONEGMOD 1 
Sla 6 12 13 8 S1AMOD 
Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 

.MODEL S1AMOD VSWITCH {RON=1e-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 

.MODEL S1BMOD VSWITCH {RON=1e-5 ROFF=0.1 VON=-0.48 VOFF=-2.48) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=2.75) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.75 VOFF=-2.25) 

.MODEL DBODYMOD D (IS=2.23e-12 RS=249e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 
.MODEL DBREAKMOD D (RS=8e-2 TRS1=2.5e-3) 

.MODEL DPLCAPMOD D (IS=1e-30 N=10 CJO=2.14e-9) 

.MODEL RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

.MODEL RSOURCEMOD RES (TC1=5.2e-3 TC2-1.37e-5) 

.MODEL RVTONEGMOD RES (TCI =-3.78e-3 TC2=-7.51e-7) 

.MODEL MOSMOD NMOS (VTO=3.48 N=10 IS=1e-30 KP=78.5 TOX=1 L=1u Wlu) 

.ENDS 
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RFA100N05E 


January 1993 


N-Channel Enhancement-Mode 
Power Field-Effect Transistor (MegaFET) 


Features 

• 100A, 50V 

• •'DS(on) = o.oosa 

• Electrostatic Discharge Rated 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• + 175 OC Operating Temperature 

• Temperature Compensated SPICE Model Provided 


Package 


IVIO-093 
TOP VIEW 



TERMINAL CONNECTIONS 

1 - Gate 

2 - Source Kelvin 

3 - Drain Kelvin 

4 - Source Current 

5 - Source Current 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Description 

The RFA100N05E n-channel ESD rated power MOSFET is 
manufactured using the MegaFET process. This process, which 
uses feature sizes approaching those of LSI integrated circuits, 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFA100N05E is supplied in the MO-093 plastic 
ackaae. 


Absolute Maximum Ratings (Tc = + 25 OC), Unless Otherwise Specified 



RFA100N05E 


Drain-Source Voltage. Vqss 

Drain-Gate Voltage (Rqs ~ ^ Vqqr 

Continuous Drain Current.Ip 

Pulsed Drain Current. IpM 

Gate-Source Voltage .Vps 

Maximum Power Dissipation 

Tc = +250C.Pp 

Derated Above 25OC. 

Operating and Storage Junction Temperature Range. Tjq, TstG 

Electrostatic Discharge Rating 

MIL-STD-883, Category B(2). Esp 

Single-Pulse Avalanche Rating 


240 

1.6 

-55 to +175 


Refer to UlS SOA Curves 


CAUTION: ' 
Copyright € 


hese devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Harris Corporatfon 1992 


File Number 2869.2 
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Specifications RFA 100NOSE 


Electrical Characteristics At case Temperature (Tq) = + 25OC, Unless otherwise Specified 


CHARACTERISTICS 


Drain-Source 
Breakdown Voltage 


Gate Threshold 
Voltage 


Zero Gate Voltage 
Drain Current 


Gate-Source 
Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time 



Turn-Off Time 


Total Gate Charge 


Gate Charge at 10V 


Threshold Gate Charge 


Plateau Voltage 


Turn-Off Energy 
Loss per Cycle 


Thermal Resistance 
Junction to Case 


Thermal Resistance Diode 
Junction to Ambient 


TEST CONDITIONS 


BVdsS >0 =0.25mA, Vqs = OV 


VGS{th) Vgs = Vds 
Iq = 0.25mA 


VdS=40V,Vgs = 0V 


Tc 50OC 


■GSS Vgs = ±20V 


rDS(on) Ip = 100A, Vgs = 10V 


1(on) VpD = 25V, Ip == 50A 

1d(on) Rl = 0.50n 

IgI =Ig2 = 3A 

1d{off) I VGS{clamp) = +1OV, -0.6V 


1{off) 


Qg(tot) 


Qg(10) 


Qg{th) 


V(piateau) 


^off 


Vgs = 0,20V Vpp = 40V 

Vgs = 0,10V ip = iooA 
Vgs =0, 2v Rl = o.4on 


lp = 100A,Vps=15V 


Vpp = 25V, Ip = 50A, IgI = Ig2 = 3A 
VGS(clamp) = +1 OV, -0.6V, L = 0.2 mH, 
Rl = o.5ori 




Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 


Forward Voltage 


Reverse Recovery Time 
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NORHRLIZEO Rds(on) 


RFA100N05E 


Performance Curves 



CASE TEMPERATURE (To) - dogC CASE TEMPERRTURE (To) - dogC 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT VS. FIGURE 4. NORMALIZED POWER DISSIPTION VS. 

TEMPERATURE TEMPERATURE DERATING CURVE 


cOn Vdd » Id X Rdson 



DRRIN-TO-SOURCE VOLTAGE CVda) - VOLTS GRTE-TO-SOURCE VOLTAGE (Vga) - VOLTS 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 



■50 

0 50 100 

150 

200 

-BO 

0 BO too 

1B0 

200 


JUNCTION TEMPERATURE (Tj) 

- degC 



JUNCTION TEMPERRTURE (TJ) 

- degC 



FIGURE 7. NORMALIZED rDS{on) VS. JUNCTION FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE 

TEMPERATURE 
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RFA J00N05E 


Performance Curves (Continued) 



-5D 0 50 100 160 200 

JUNCTION TEMPERATURE (Tj) - degC 

FIGURE 9. NORMALIZED DRAIN-TO-SOURCE 

BREAKDOWN VOLTAGE VS. TEMPERATURE 



FIGURE 10. TYPICAL CAPACITANCE VS. VOLTAGE FOR 
ALL TYPES 



20 


IgCREF) 

IgCflCT) 


Time - ue 


Ig(REFF) 

Ig(RCT) 


FIGURE 11. NORMALIZED SWITCHING WAVEFORMS FOR CONSTANT GATE-CURRENT. 
(REFER TO HARRIS APPLICATION NOTES AN-7254 AND AN-7260) 
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SWITCHING WAVEFORMS 


FIGURE 12. RESISTIVE SWITCHING 
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RFA100 NOSE 



Spice Mode! 


Depletion^cap 


Rgate ^ 


Evto M 


.SUBCKTRFA100N05 6 1 4 5 3 2; rev 10/30/90 

*Nominal Temperature = 25^0 

CchargeA 12 8 8.98e-9 

CchargeB 15 14 8.8e-9 

Cin 24 8 4.48e-009 

Depletion_cap 10 21 DPLCAPMOD 

□body 7 21 DBODYMOD D6plotion_cap 

□break 21 11 DBREAKMOD _i i ^ 

Eds 14 8 21 8 1 ” > 

Egs 13 8 24 8 1 EsQ (?) < 

Esg 24 10 24 8 1 „ , Fvtn Vt 

Ebreak 11 7 17 18 58.4 ,24 

Evto 20 24 18 8 1 - h 

'P°s 8 17 1 9 

Ldkelvin 3 23 1e-9 ^ I ^ , a | 

Ldrain 6 21 2e-10 | 

Lgate 1 9 5e-9 

Lskelvin 2 7 5e-9 SlaA * kS2a -, 

Lsourcel 4 22 6e-9 « j-6-^ ,, 

Lsource2 5 25 6e-9 FToi -SoJ 

Mos 16 24 8 8 MOSMOD 

Rbreak 17 18 RBREAKMOD 1 1 is I 

Rdrain 21 16 RSOURCEMOD 2.74e-3 = = CchargeA T CchargeB = = <•" 

Rgate 9 20 1.2 +1 

Rkdrain 23 21 0.33e-3 Ega(?) Eds(?) 

Rksourcel 7 22 1.6e-3 

Rksource2 7 25 1.6e-3 __j- j. 

Rin 24 8 1e+9 

Rsource 8 7 RSOURCEMOD 1.2e-3 
Rvto 18 19 RVTONEGMOD 1 
Sla 24 12 13 8 S1AMOD 
Sib 13 12 13 8 S1BMOD 
S2a 24 15 14 13 S2AMOD 
S2b 13 15 14 13 S2BMOD 
Vbat 8 19 DC 1 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.48 VOFF=-0.48) 

.MODEL S1BMOD VSWITCH {RON=1e-5 ROFF=0.1 VON=-0.48 VOFF=-2.48) 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=2.75) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=2.75 VOFF=-2.25) 

.MODEL DBODYMOD D (IS=2.23e-12 RS=2.5e-3 TRS1=2.5e-3 CJO=7.55e-9 TT=4e-8) 
.MODEL DBREAKMOD D (RS=8e-2 TRS1=2.5e-3) 

.MODEL DPLCAPMOD D {IS=1e-030 N=10 CJO=2.14e-9) 

.MODEL RBREAKMOD RES (TC1=9.5e-4 TC2=-1.17e-6) 

.MODEL RSOURCEMOD RES {TC1=5.2e-3 TC2-1.37e-5) 

.MODEL RVTONEGMOD RES (TCI =-3.78e-3 TC2=-7.5e-7) 

.MODEL MOSMOD NMOS {VTO=3.48 N=10 IS=1e-030 KP=78.5 TOX=1 L=1u Wlu) 

.ENDS 


Ldkelvin/ 
Rkdrain < 


Dbreak^ 
tlMoa 'U* 
□ Ebroak(^ 
- 1 Raource j . 


[Ldrain D^IN 


r SOURCE 
KELVIN 
n/VVV-oa 

Lakeivln 
pRkaource 1 
fLaourcel 


CchargeA j CchargeB -r- 
Ega^ Eda0 


Vbat Rvlo 

-|||h-i2-AAAr- 








P-CHANNEL POWER MOSFET DATA SHEETS 

2N6804 Avalanche Energy Rated P-Channel Power MOSFET. 

2N6849 Avalanche Energy Rated P-Channel Power MOSFET. 

2N6851 Avalanche Energy Rated P-Channel Power MOSFET. 

2N6895 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor 

2N6896 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor 

2N6897 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor 

2N6898 P-Channel Enhancement-Mode Power MOS Field-Effect Transistor 

IRF9130, IRF9131, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9132, IRF9133 

IRF9140, IRF9141, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9142, IRF9143 

IRF9150, IRF9151 Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9230, IRF9231, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9232, IRF9233 

IRF9240, IRF9241, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9242, IRF9243 

IRF9510, IRF9511, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9512, IRF9513 

IRF9520, IRF9521, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9522, IRF9523 

IRF9530, IRF9531, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9532. IRF9533 

IRF9540, IRF9541, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9542. IRF9543 

IRF9620, lRF962t, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9622, IRF9623 

IRF9630, IRF9631, Avalanche Energy Rated P-Channel Power MOSFETs. 

IRF9632. IRF9633 
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P-CHANNEL POWER MOSFETs (Continued) 


PAGE 

IRF9640, IRF9641, Avalanche Energy Rated P-Channel Power MOSFETs. 5-90 

IRF9642, IRF9643 

IRFD9110, IRFD9113 Avalanche Energy Rated P-Channel Power MOSFETs. 5-95 

IRFD9120, IRFD9123 Avalanche Energy Rated P-Channel Power MOSFETs. 5-100 

IRFD9220, IRFD9223 Avalanche Energy Rated P-Channel Power MOSFETs. 5-105 

IRFF9120, IRFF9121, Avalanche Energy Rated P-Channel Power MOSFETs. 5-110 

IRFF9122, IRFF9123 

IRFF9130, IRFF9131, Avalanche Energy Rated P-Channel Power MOSFETs. 5-115 

IRFF9132, IRFF9133 

IRFF9220, IRFF9221, Avalanche Energy Rated P-Channel Power MOSFETs. 5-120 

IRFF9222, IRFF9223 

IRFF9230, IRFF9231, Avalanche Energy Rated P-Channel Power MOSFETs. 5-125 

IRFF9232. IRFF9233 

IRFP9140/P9141, Avalanche Energy Rated P-Channel Power MOSFETs. 5-130 

IRFP9142/P9143 

IRFP9150. IRFP9151 Avalanche Energy Rated P-Channel Power MOSFETs. 5-135 

IRFP9240/P9241, Avalanche Energy Rated P-Channel Power MOSFETs. 5-140 

IRFP9242/P9243 

RFL1P08, RFL1 PI0 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-145 

RFP2P08, RFP2P10 P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-149 

RFM5P12, RFM5P15, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-153 

RFP5P12, RFP5P15 

RFM6P08, RFM6P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-157 

RFP6P08, RFP6P10 

RFD8P05/05SM, P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-161 

RFP8P05 

RFM8P08, RFM8P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-166 

RFP8P08, RFP8P10 

RFM10P12/MI0P15, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-170 

RFP10P12/P10P15 

RFM12P08/M12P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-174 

RFP12P08/P12P10 

RFD15P05/05SM, P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-178 

RFP15P05 

RFH25P08/H25P10, P-Channel Enhancement-Mode Power Field-Effect Transistors. 5-183 

RFK25P08/K25P10 

RFG30P05, RFP30P05 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-187 

RFG30P06, RFP30P06 P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-192 

RFG60P05E, RFG60P06E P-Channel Enhancement-Mode Power Field-Effect Transistors (MegaFETs) .. 5-197 


5-2 





















Features 

• -11 A, -100V 

• rpSCon) = 0.30n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Description 

The 2N6804 is an advanced power MOSFET designed, tested, and 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement¬ 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 

The 2N6804 is supplied in the JEDEC TO-204AA steel package. 


1 Package 


TO-204AA 1 

BOTTOM VIEW 

SOURCE _ 

DRAIN 

^(FLANGE) 


(o ^ 



GATE ^ 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 

D 




0 

s 



Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 


Continuous Drain Current 

Tc = +250C. 

Tc = +100OC. 

Pulsed Drain Current (Note 2) . 


Maximum Power Dissipation 

Tc = +250C (See Figure 14). 

Above Tc == +250C, Derate Linearly (See Figure 14) 



2N6804 

UNITS 

.... Vds 

-100* 

V 

•••VdGR 

-100* 

V 

.‘d 

-11* 

A 

.>D 

-7.0* 

A 

.Idm 

-50* 

A 

.... Vqs 

±20* 

V 

.Pd 

75* 

W 


0 .6* 

W/OG 

.EaS 

500 

mJ 

Tj,TstG 

-55 to +150* 

oc 

.Tl 

300 

oc 


(0.063" (1.6mm) from case for 10s) 


NOTES: 

*JEDEC registered values 

1. Pulse Test: Pulse width < SOOiJis, Duty Cycle < 2%. 

2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. VpD = 25V, Starting Tj = 250C, L = 6.2mH, Rq = 250, Peak II = 11 A, 
(See Figure 15 and 16). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6804 


Electrical Characteristics @ tc = 25°c (umess otherwise specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain-Source Breakdown Voltage 

-100* 

- 

- 

V 

Vqs = OV, Id = 1.0mA 

VGS(th) 

Gate Threshold Voltage 

-2.0* 

- 

-4.0* 

V 

VdS = Vqs. 'D = -0.25mA 

'gss 

Gate-Source Leakage Forward 

- 

- 

-100 

nA 

Vqs = -20V 

'gss 

Gate-Source Leakage Reverse 

- 

- 

100 

nA 

Vqs = 20V 

•dss 

Zero Gate Voltaga Drain Current 

- 

- 

-0.25* 

pA 

Vqs = Max. Rating, Vqs = OV 



- 

- 

-1000 

ma 

Vps = Max. Rating x 0.8, Vqs = OV, Jq = 125°C 

VDS(on) 

On-State Drain Current (T) 

-11* 

- 

- 

A 

VdS > 'D(on) X RDS(on) max., ^GS = "''OV 

f^DS(on) 

Static Drain-Source On-State 
Resistance ® 

— 

— 

0.30 

fi 

Vqs = -10V, Id = -6.5A 

9fs 

Fonward Transconductance ® 

2.0 

3.7 

- 

S(U) 

VdS > 'D(on) ^ RDS(on) ^riax., Id = -6.5A 

Cjss 

Input Capacitance 

400 

500 

- 

pF 

Vqs = OV, Vds = -25V, f = 1.0 MHz 

Cqss 

Output Capacitance 

100 

300 

- 

PF 

See Fig. 10 


^rss 

Reverse Transfer Capacitance 

50 

100 

- 

pF 



'd(on) 

Turn-On Delay Time 

- 

30 

60 

ns 

Vdd = -35V, Id = - 7.0A, Zq = 500 

tf Rise Time 

- 

70 

140 

ns 

See Fig. 17 


<d(off) 

Turn-Off Delay Time 

- 

70 

140 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

- 

70 

140 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

— 

25 

45 

nC 

Vqs = -15V, Id = -15A, Vds - ® ® Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs 

Gate-Source Charge 

- 

13 

23 

nC 

Qgd 

Gate-Drain ("Miller") Charge 

- 

12 

22 

nC 



Ld 

Internal Drain Inductance 


5.0 


nH 

Measured between 
the contact screw on 
header that is closer to 
source and gate pins 
and center of die. 

Modified MOSFET 
symbol showing the 
internal device d 

LS 

Internal Source Inductance 


12.5 


nH 

Measured from the 
source pin, 6 mm 
(0.25 in.) from header 
and source bonding 
pad. 

inductances. ^ 

s 


Thermal Resistance 



Junction-to-Case 

- 

- 

1.67* 

"C/W 


R^s 

Case-to-Sink 

- 

0.1 

- 

°c/w 

Mounting surface flat, smooth, and greased. 

R^A 

Junction-to-Ambient 

- 

- 

30 

“C/W 

Typical socket mount 


Source-Drain Diode Ratings and Characteristics 


Parameter 

Min. 

Typ. 

Max. 

Units 

— 

Test Conditions 

— 

p 

Is Continuous Source Current 

(Body Diode) , 

— 

— 

-11* 

A 

Modified MOSFET symbol 

showing the integral [ ^ 

reverse P-N junction rectifier. ^O—Vl ^ 


Iqm Fii'se Source Current (Body Diode) ® 

- 

- 

-50 

A 



Vqd Diode Forward Voltage ® 

1 

- 

-1.5 

V 

Tq - 25'»C, Is » -11A. Vqs - OV ' 


t^r Reverse Recovery Time 

- 

- 

250 

ns 

Tj - 25“C, Ip = -11A. dip/dt - -100 A/ps 

Qpp Reverse Recovered Charge 

- 

1.8 

- 

mc 

Tj = 25»C, Ip = -11A, dIp/dt -= -100 A/ps 

ton Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls Ld- 



•JEDEC Registered Value 

® Pulse Test; Pulse width < 300ps, Duty Cycle < 2%. 

(D Repetitive Rating; Pulse width limited by max. junction temperature, See Transient Thermal impedance Curve (Fig. 5). 
3; VoD = 25V, Starting Tj = 25°C, L = 6.2 mH, 

Ho - 2b£i. Peak k = 11 A, (See Fig. 15 and 16). 
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Vds, DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43288 


80 mS pulse test 
“ Vds > 'DCon) * ' 


Vqs- GATE-TO-SOURCE voltage (VOLTS) 


Fig. 1 - Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 



-1 -2 -3 -4 -5 

Vds. DRAtN-TO-SOURCE VOLTAGE (VOLTS) 

92CS-43290 


^OPERATION IN THIS AREA" 
+ IS LIMITED BY R ps (QNI ;; 


Tc = 25 X = 

Tj = 1 50 °C 
R0JC = i-ST x/w: 
SINGLE PULSE 


-10 -100 
DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristic. 


Fig. 4 - Maximum safe operating area. 
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VsD- SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43270 


Fig. 6 - Typical transconductance vs. drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 



Vds- DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43296 



Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Id, drain current (ANIPERES) 

92CS-43298 


Fig. 12 - Typical on-resistance v's. drain current 



Fig. 14 - Power vs. temperature derating curve. 



Fig. 13 - Maximum drain current vs, case temperature. 


Vds 



92CS-43278 

Fig. 15 - Undamped inductive test circuit. 



Fig. 16- Undamped inductive waveforms. 



-Vds 



RESISTOR RESISTOR 


92CS-43307 


Fig. 17 - Switching time test circuit 
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Fig. 18 - Gate charge test circuit. 
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^ HARRIS 

2N6849 

August 1991 

Avalanche-Energy-Rated 
P-Channel Power MOSFETs 


Features 


Package 


• -6.5A, -100V 


TO-205AF 



BOTTOM VIEW 


• fDSCon) = 0-30n 




• Single Pulse Avalanche Energy Rated 


SOURCE _ 

• SOA is Power-Dissipation Limited 




• Nanosecond Switching Speeds 


(C 


• Linear Transfer Characteristics 


'O'" 

DRAIN 

(CASE) 

• High Input Impedance 




Description 




The 2N6849 is an advanced power MOSFET designed, tested, and 
guaranteed to withstand a specified level of energy in the breakdown 

Terminal Diagram 


avalanche mode of operation. This is a p-channel enhancement- 

P-CHANNEL ENHANCEMENT MODE | 

mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters. 

D 


motor drivers, relay drivers, and drivers for high-power 

bipolar 



switching transistors requiring high speed and low gate-drive power. 



This type can be operated directly from integrated circuits. 


( irTvi 


The 2N6849 is supplied in the JEDEC TO-205AF (Low 

Profile 

go-M ^7|y 


TO-39) metal package. 


6 

s 


Absolute Maximum Ratings (Tc = +250C) Unless Otherwise Specified 




2N6849 

UNITS 

Drain-Source Voltage. 

* Vds 

-100* 

V 

Drain-Gate Voltage (Rqs = 20kH). 

Continuous Drain Current 

vdgr 

-100* 

V ! 

Tq = +250C. 

...Id 

-6.5* 

A 

Tc = +100OC . 

...Id 

-4.1* 

A 

Pulsed Drain Current (Note 2). 

•••dm 

-25* 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

• Vqs 

±20* 

V 

Tc = +250C (See Figure 14). 

...Pd 

25* 

W 

Above Tq = +250C, Derate Linearly (See Figure 14). 


0.2* 

W/OC 

Single Pulse Avalanche Energy (Note 3). 

• •Eas 

500 

mJ 

Operating and Storage Junction Temperature Range.Tj, Tqtg 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering. 

....Tl 

300 

oc 

(0.063" (1.6mm) from case for 10s) 




NOTES: 




•JEDEC registered values 




1. Pulse Test: Pulse width < 300^1S, Duty Cycle < 2% 




2. Repetitive Rating: Pulse width limited by maximum junction temperature. 




See Transient Thermal Impedance Curve (Figure 5) 




3. Vdq = 25V, Starting Tj » 250C, L = 17.25mH, Rq = 250, Peak 




II “ 6.5A, (See Figure 15 and 16) 





CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6849 


Electrical Characteristics @ Tq = 25**C (Unless Otherwise Specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVdss 

Drain-Source Breakdown Voltage 

-100* 

- 

- 

V 

VqS = OV, Id = 250pA 

VGS(th) 

Gate Threshold Voltage 

-2.0* 

- 

-4.0* 

V 

^DS = Vqs- Id = -0.25mA 

'gss 

Gate-Source Leakage Forward 

- 

- 

-100 

nA 

Vqs = -20 V 

•gss 

Gate-Source Leakage Reverse 

- 

- 

100 

nA 

Vqs = 20V 

•dss 

Zero Gate Voltage Drain Current 

- 

- 

-0.25* 

pA 

Vds = Max. Rating, Vqs = OV 



- 

- 

-1000 

pA 

Vqs = Max. Rating x 0.8, Vqs = OV. Tq = 125'’C 

VDS(on) 

On-State Drain Voltage © 

- 

- 

-2.1 

V 

Vds > lD(on)BDS(on)f^a’< - ^GS = -10V, Iq = 6.5A 

BDS(on) 

Static Drain-Source On-State 
Resistance © 

— 

— 

0.30* 

Q 

Vqs = -10V. Id = -4.1A 

Qfs 

Forward Transconductance © 

2.5 

3.5 

7.5 

S(0) 

Vds = -5V. iD(on) BDS(on) Id= "^-IA 

^iss 

Input Capacitance 

- 

500 

- 

PF 

Vqs = OV, Vds = -25V. f = 1.0 MHz 

Cqss 

Output Capacitance 

- 

300 

- 

pF 

See Fig. 10 


^rss 

Reverse Transfer Capacitance 

- 

100 

- 

pF 



*d(bn) 

Turn-On Delay Time 

- 

30 

60 

ns 

VDDr-42V. Id = -4.1A, Zq = 500 

tr Rise Time 

- 

70 

140 

ns 

See Fig. 17 


*d(off) 

Turn-Off Delay Time 

- 

70 

140 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

- 

70 

140 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

— 

25 

45 

nC 

Vqs = -15V, Id = -15A. Vds = 0 ®V Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs 

Gate-Source Charge 

- 

13 

23 

nC 

Qgd 

Gate-Drain (“Miller”) Charge 

- 

12 

22 

nC 



Ld 

Internal Drain Inductance 


5.0 


nH 

Measured from the 
drain lead, 

5mm (0.2 in.) 
from header to 
center of die. 

Modified MOSFET 
symbol showing the 2 

internal device y 

inductances. 

*-8 

Internal Source Inductance 


15 


nH 

Measured from the 
source lead, 5 mm 
(0.2 in.) from header 
to source bonding 
pad. 

s 


Thermal Resistance 


R^jc 

Junction-to-Case 

- 

- 

5.0* 

°C/W 


R^ja 

Junction-to-Ambient 

- 

- 

175 1 

°c/w 

Typical socket mount 


Source-Drain Diode Ratings and Characteristics 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

p 

Iq Continuous Source Current 

(Body Diode) 

— 

— 

-6.5* 

A 

Modified MOSFET symbol ^ ' 

showing the integral f j J 

reverse P-N junction rectifier. ^ ^ | ^ 



ISM Pulse Source Current (Body Diode) © 

- 

- 

-25 

A 

Vqd Diode Forward Voltage ® 

- 

- 

-1.5 

V 

Tq - 25»C, Is “ -6.5A, Vqs « OV ( 


tfr Reverse Recovery Time 

- 

- 

250 

ns 

Tj » 25*C, Ip « -6.5A, dlp/dt « 100 A/ps 

Qrr Reverse Recovered Charge 

- 

1.8 

- 

pC 

Tj « 25*C, Ip - -6.5A, dlp/dt « 100 A/ps 

tgn Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Lq + Ld- | 


*JEDEC Registered Value Vdd = 25V, starting Tj = 25°C, L = 17.25 mH, 

® Pulse Test: Pulse width < 300/js, Duty Cycle < 2%. Rg = 25Q, Peak L = 6.5A. (See Fig. 15 and 16) 

(D Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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, DRAIN CURRENT (AMPERES) 'D- DRAIN CURRENT (AMPERES) 
































2N684 



Fig. 6 - Typical Transconductance Vs. Drain Current 



Fig. 8 - Breakdown Voltage Vs. Temperature 



92CS-4329e 


Fia. lu - iyotcai capacitance Vs. Drain-to-Source Voltage 

5-11 


Vgs, GATE-TO-SOURCE VOLTAGE (VOLTS) | | RDS(on). DRAIN-TO-SOURCE ON RESISTANCE | | Iqr, REVERSE DRAIN CURRENT (AMPERES) 



- 0.4 - 0.6 - 0.8 - 1.0 - 1.2 - 1.4 - 1.6 - 1.8 

VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43270 


7g. 7 - Typical Source-Drain Diode Forward Voltage 



Tj, JUNCTION TEMPERATURE (“C) 

92CS-43319 



p/g. 9 - Normalized On-Resistance Vs. Temperature 



Fig. 11 - Typical Gate Charge V's. Gate-to-Source voitaye 
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92CS-43298 

Fig. 12 ~ Typical On-Resistance V's. Drain Current 



Fig. 14- Power l/s. Temperature Derating Curve 



Fig. 13 - Maximum Drain Current \/s. Case Temperature 


Vds 



Fig. 15 - Undamped Inductive Test Circuit 



Fig. 16- Undamped Inductive Waveforms 


-Vds 



SAMPLING SAMPLING 
RESISTOR RESISTOR 



Fig. 17 - Switching Time Test Circuit 


Fig. 18- Gate Charge Test Circuit 
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The 2N6851 is an advanced power MOSFET designed, tested, and 
guaranteed to withstand a specified level of energy in the breakdown 
avalanche mode of operation. This is a p-channel enhancement¬ 
mode silicon-gate power field-effect transistor designed for 
applications such as switching regulators, switching converters, 
motor drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive power. 
This type can be operated directly from integrated circuits. 

The 2N6851 is supplied in the JEDEC TO-205AF (Low Profile 
TO-39) metal package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage {Rqs = SOkH). 
Continuous Drain Current 

Tc = +25OC. 

Tc = +100OC. 

Pulsed Drain Current {Note 2). 


Maximum Power Dissipation 


Above Tc = + 250 C, Derate Linearly (See Figure 14) , 



2N6851 

UNITS 

.... Vds 

-200* 

V 

•VdgR 

-200* 

V 

.Id 

-4.0* 

a 

.Id 

-2.4* 

A 

.Idm 

-20* 

A 

.... Vgs 

±20* 

V 

.Pd 

25* 

W 


0.2* 

W/OC 

.EaS 

500 

mj 

Tj,TstG 

-55 to+150* 

OC 

.Tl 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

*JEDEC registered values 

1. Pulse Test: Pulse width < 300^s, Duty Cycle < 2%. 

2. Repetitive Rating: Pulse width limited by maximum junction temperature, 
See Transient Thermal Impedance Curve (Figure 5). 

3. Vqd = 50V, Starting Tj = 250C, L = 46.9mH, Rq = 250. Peak II = 4.0A, 
(See Figure 15 and 16). 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 


5-13 


P-CHANNEL 
POWER MOSFETs 





















Specifications 2N6851 


Electrical Characteristics @ tc - 2s°c (umess otherwise specified) 


Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 

BVqss 

Drain-Source Breakdown Voltage 

- 200 * 

- 

- 

V 

Vgs = OV, |0 = i;0mA 

VGS(th) 

Gate Threshold Voltage 

- 2 . 0 * 

- 

-4.0* 

V 

VdS = Vgs- 'D = -0.25mA 

'gss 

Gate-Source Leakage Forward 

- 

- 

-100 

nA 

Vqs = -20V 

■gss 

Gate-Source Leakage Reverse 

- 

- 

100 

nA 

Vgs = 20 V 

•dss 

Zero Gate Voltage Drain Current 

- 

- 

-0.25* 

pA 

Vqs = Max. Rating, Vgs ” ®V 



- 

- 

-1000 

pA 

Vq 5 = Max. Rating x 0.8, Vgs 

= OV, Tc = 125‘’C 

'^DS(on) 

6 n-State Drain Voltage © 

- 

- 

-3.3 

V 

VdS ^ *D(on) ^ RDS(on) max. 

Vgs = -■'OV. Id = -^oa 

BDS(on) 

Static Drain-Source On-State 
Resistance ® 

— 

— 

0.80* 

Q 

Vqs = -10V. Id = -2.4A 

Qfs 

Forward Transconductance ® 

2.2 

3.5 

-6.6 

S(U) 

VdS = -5V X RpSjonjmax.’ *D “ -2.4A 

^iss 

Input Capacitance 

400 

550 

- 

pF 

Vgs = OV, Vds = -25v, f = 

1.0 MHz 

^oss* 

Output Capacitance 

50 

170 

- 

pF 

See Fig. 10 


^rss 

Reverse Transfer Capacitance 

40 

50 

~ 

pF 



*d(on) 

Turn-On Delay Time 

- 

30 

50 

ns 

Vdd = -95V, Id = -2.4A. Zq 

= 500 

tr Rise Time 

- 

50 

100 

ns 

See Fig. 17 


<d(off) 

Turn-Off Delay Time 

- 

50 

80 

ns 

(MOSFET switching times are essentially 
independent of operating temperature.) 

tf 

Fall Time 

- 

40 

80 

ns 

Qg 

Total Gate Charge 
(Gate-Source Plus Gate-Drain) 

— 

31 

45 

nC 

Vgs = -■'5V, Id = -S.OA, Vds = O.e Max. Rating. 

See Fig. 18 for test circuit. (Gate charge is essentially 
independent of operating temperature.) 

Qgs 

Gate-Source Charge 

- 

18 

23 

nC 

Qgd 

Gate-Drain (“Miller”) Charge 

- 

13 

22 

nC 



Ld 

Internal Drain Inductance 


5.0 


nH 

Measured from the 
drain lead, 5mm 
( 0.2 in.) from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device d 

LS 

Internal Source Inductance 


15 


nH 

Measured from the 
source lead, 5 mm 
( 0.2 in.) from header 
to source bonding 
pad. 

inductances. ^ ^ 

s 


Thermal Resistance 


R^jc 

Junction-to-Case 

- 

- 

5.0* 

°C/W 


R0JA 

Junction-to-Ambient 

- 

- 

175 

°C/W 

Typical socket mount 


Source-Drain Diode Ratings and Characteristics 



Parameter 

Min. 

Typ. 

Max. 

Units 

Test Conditions 


•s 

Continuous Source Current 
(Body Diode) 

- 

- 

-4.0* 

A 

Modified MOSFET symbol /h-— 

showing the integral [ I j 

reverse P-N junction rectifier. Q O-MI —^ 


'SM 

Pulse Source Current (Body Diode) ® 

- 

- 

-20 

A 



VSD 

Diode Forward Voltage ® 

— 

- 

-1.5 

V 

Tc - 25*C, Is - -4.0A, Vqs « OV ' 

5 

Irr 

Reverse Recovery Time 

- 

- 

400 

ns 

Tj - 25°C, \f - -4.0A, dlp/dt - -100 A/ps 


Qrr 

Reverse Recovered Charge 

- 

2.6 

- 

pC 

Tj - 25®C. Ip « -4.0A, dip/dt - -100 A/ps 


^on 

Forward Turn-on Time 

Intrinsic turn-on time is negligible. Turn-on speed is substantially controlled by Ls + Ld- 



*JEDEC Registered Value ® Vdd = 50V, starting Tj = 25°C, L = 46.9 mH, 

O Pulse Test; Pulse width < SOOps, Duty Cycle < 2%. Rg = 250, Peak II = 4.0A. (See Fig. 15 and 16) 

Q> Repetitive Rating: Pulse width limited by max. junction temperature. 

See Transient Thermal Impedance Curve (Fig. 5). 
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2N6851 



Vds- DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43308 



92CS-43309 


Fig. 1 - Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 



Vos- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92CS-43310 



Vds- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92CS-4331 1 


Fig. 3 - Typical Saturation Characteristics 


Fig. 4 - Maximum Safe Operating Area 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM-43292 


Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case \/s. Pulse Duration 
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Fig. 6 - Typical Transconductance l/s. Drain Current 
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92CS-43294 


Fig. 8 - Breakdown Voltage Vs. Temperature 



Vds- DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43314 

Fig. 10 - Typical Capacitance V's. Drain-to-Source Voltage 



VsD. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43270 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 



Fig. 9 - Normalized On-Resistance \/s. Temperature 
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SEE FIGURE 18 
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Fig. 11 - Typical Gate Charge l/s. Gate-to-Source Voltage 
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2N6851 



Fig. 12- Typical On-Resistance \/s. Drain Current 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 
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Fig. 14 - Power Vs. Temperature Derating Curve 
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Fig. 17 - Switching Time Test Circuit 
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Fig. 16- Undamped Inductive Waveforms 
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Fig. 18 - Gate Charge Test Circuit 
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^ HARRIS 2N6895 

P-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistors 


Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 





2N6895 

UNITS 

Drain-Source Voltage. 

.... vdss 

-100* 

V 

Drain-Gate Voltage (Rqs = ^ ^IT). 

Continuous Drain Current 

••••VdGR 

“100* 

V 

RMS Continuous. 

.‘d 

-1.16* 

A 

Pulsed Drain Current. 

.Idm 

-5* 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±20* 

V 

Tc = + 250 C. 

.Pd 

8.33* 

W 

Above Tc = + 25 OC, Derate Linearly. 


0.0667* 

W/OC 

Operating and Storage Junction Temperature Range. 

• Tj.TstG 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering. 

.Tl 

260 

OC 

(At distances > Va" (3.17mm) from seating plane for 10s max) 




'*JEDEC registered values 





CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjlg dumber 1 873 

Copyright © Harris Corporation 1991 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Features 

• -1.16A, -100V 

• ^DS{on) = 3.65n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6895 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for applications such as 
switching converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed and 
low gate-drive power. This type can be operated directly from 
integrated circuits. 

The 2N6895 is supplied in the JEDEC TO-205AF metal package. 
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Specifications 2N6895 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


TEST CONDITIONS 




CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage_ 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Drain-Source On Voltage 


Static Dram-Source On Resistance 


Forward Transconductance 


Input Capacitance 


Output Capacitance 


IGSS 


VDs(on)® 



D = 1 mA, Vqs = 0 


Vgs - VdSj Id ~ 0.25 mA 


_ Vps = -80 V _ 

Tc = 125°C, Vds = -80V 


Vgs = ±20 V. Vos = 0 


Id = 0.74 A, Vgs =-10 V 
Id =1.16 A, Vgs =-10 V 


Id = 0.74 A, Vgs =-10 V 


Tc = 125°C, Id = 0.74 A, Vgs = 10 V 


Vds = -25 V 
Vgs = 0 V 
f = 1 MHz 



Turn-On Delay Time 

td(on) 

Vds = -50 V 

Rise Time 

tr 

Id = 0.74 A 

Turn-Off Delay Time 

td(off) 

Rgen — Rg* — 15 fi 

Fall Time 

tf 

Vgs = -10 V 


*1 Thermal Resistance Junction-to-Case 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 


Diode Forward Voltage Vsd® 


Reverse Recovery Time trr 


*ln accordance with JEDEC registration data. 

®Pulsed: Pulse duration = 300 fjs max., duty cycle = 2% 


TEST CONDITIONS 


SD= 1.16A 






10 100 
DRAIN-TO-SOURCE VOLTAGE (Vqs)—V 

92CM-40693 


Fig. 1 - Maximum operating areas. 
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NORMALIZED DRAIN-TO-SOURCE ON RESISTANCE 
p EroS^®"'^— — w 


















































































































































2N6895 



DRAIN CURRENT do )-A 


Fig. 8 - Typical forward transconductance as a function of 
drain current. 
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P-CHANNEL 
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© HARRIS 2N6896 


P-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistors 


Features 

1 Package 


• -6A, -100V 

TO-204AA 

BOTTOM VIEW 

• fDSCon) = 0-60 

• SOA is Power-Dissipation Limited 

SOURCE __ 

DRAIN 

^(FLANGE) 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 

(p ^ 


• High Input Impedance 

GATE 


• Majority Carrier Device 


Description 



The 2N6896 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for high-speed applications 

Terminal Diagram 


such as switching regulators, switching converters, relay drivers, and 

P-CHANNEL ENHANCEMENT MODE 

drivers for high-power bipolar switching transistors. 

D 

6 

s 


The 2N6896 is supplied in the JEDEC TO-204AA metal package. 

\) 


Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 




2N6896 

UNITS 

Drain-Source Voltage. 

.... VdsS 

-100* 

V 

Drain-Gate Voltage (RqS = ^ . 

Continuous Drain Current 

• • • •Vdgr 

-100* 

V 

RMS Continuous. 

.Id 

-6* 

A 

Pulsed Drain Current. 

.Idm 

-20* 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±20* 

V 

Tq = +250C. 

.Pd 

60* 

W 

Above Tc = + 25 OC, Derate Linearly. 


0.48* 

w/oc 

Operating and Storage Junction Temperature Range. 

• Tj.TstG 

-55 to+150* 

\0C 

Maximum Lead Temperature for Soldering. 

(At distances > Va’' (3.17mm) from seating plane for 10s max) 

.Tl 

260 

OC 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. PH^ ^ 874 

Copyright © Harris Corporation 1991 
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Specifications 2N6896 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25''C unless otherwise specified. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

tlTHI 

[2B3I 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA, Vqs = 0 

BES] 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vqs = Vds. Id - 0.25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds = -80 V 

— 

1 

M 



Tc = 125°C, Vds = -80V 

— 


Gate-Source Leakage Current 

loss 

Vqs = ±20 V, Vds = 0 

— 

KB!tl 

nA 

Drain-Source On Voltage 

VDs(on)* 

Id = 3.8 A, Vqs =-10 V 

— 

2.28 

y 



Id = 6 A, Vqs = -10 V 

— 

-6 


Static Drain-Source On Resistance 

rDs(on)a 

Id = 3.8 A, Vqs =-10 V 

— 

0.6 

D 



Tc = 125®C, Id = 3.8 A, Vqs = 10 V 

__ 


Forward Transconductance 

gts® 

Vds = -10 V, Id = 3.8 A 

a 

KB 


Input Capacitance 

Cisa 


KSTil 



Output Capacitance 

Co88 


nwi 

ickfiM 


Reverse Transfer Capacitance 

Cr88 


40 

150 


Turn-On Delay Time 

td(on) 

Vds = -50 V 


^131 



miHi 

Id = 3.8 A 

BSI 

QQ 


Turn-Off Delay Time 

td(off) 

Rgen = Rgs - 1 5 D 

— 

itoi 


Fall Time 

tf 

Vqs =-10 V 

— 

BfiTSl 


Thermal Resistance Junction-to-Case 

R^jc 


— 





SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



Diode Forward Voltage 

VSD® 

lsD = 12 A 




Reverse Recovery Time 

trr 

If = 4 A, dip/dt = 50 A/ps 

— 

375 



*ln accordance with JEDEC registration data. 

^Pulsed: Pulse duration = 300 fjs max., duty cycle = 2% 



2 468 2 468 2 468 

1 10 100 1000 

DRAIN-TO-SOURCE VOLTAGE (Vqs)—V 


92CM-40696 


Fig. 1 - Maximum safe operating areas. 
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2N6896 



Fig. 8 - Typical forward transconductance as a function of 
drain current 



5-25 


p-channel 

POWER MOSFETs 










© HARRIS 2N6897 


P-Channel Enhancement-Mode 
August 1991 Power MOS Field-Effect Transistors 


Features 

• -12A,-100V 

Package 

TO-204AA 

BOTTOM VIEW 

• CDSCon) = o.an 

• SOA is Power-Dissipation Limited 

SOURCE 

DRAIN 

/(FLANGE) 

• Nanosecond Switching Speeds 


• Linear Transfer Characteristics 

(p ^ 

y 

• High input Impedance 

GATE 


• Majority Carrier Device 


Description 



The 2N6897 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be 
operated directly from an integrated circuit. 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 

The 2N6897 is supplied in the JEDEC TO-204AA metal package. 

go-M I— 

6 

s 

1 


Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 




2N6897 

UNITS 

Drain-Source Voltage . 

• ••• vdss 

-100* 

V 

Drain-Gate Voltage (Rqs = 1 .... 

Continuous Drain Current 

••••Vdgr 

-100* 

V 

RMS Continuous. 

.Jd 

-12* 

A 

Pulsed Drain Current. 

.ipM 

-30* 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vqs 

±20* 

V 

Tc = +250C. 

.Pd 

100* 

W 

Above T 0 = + 25 OC, Derate Linearly . 


0.8* 

" W/OC 

Operating and Storage Junction Temperature Range. 

• Tj,TstG 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering. 

(At distances > Va” (3.17mm) from seating plane for 10s max) 

.Tl 

260* 

OC 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ |sjymb 0 |- 875 

Copyright © Harris Corporation 1991 
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2 N6897 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 2S°C unless otherwise specified. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

nm 


Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA, Vqs = 0 

Bt«HI 

- 

V 

Gate Threshold Voltage 

VGs(th) 

Vqs = Vds. Id - 0.25 mA 

mm 

El 

V 

Zero Gate Voltage Drain Current 

loss 

Vds = -80 V 

— 

1 

//A 



Tc = 125°C, Vds = -80 V 

— 

50 

Gate-Source Leakage Current 

loss 

Vqs = ±20 V, Vds = 0 

— 

KTilSl 

nA 

Drain-Source On Voltage 

Voslon)* 


— 





Id = 12 A. Vqs = -10 V 

— 

-4.8 


Static Drain-Source On Resistance 

rDs(on)a 

Id = 7.6 A, Vqs =-10 V 

— 

liCT 

0 



Tc=125®C. Id = 7.6 A, Vqs = 10 V 

— 


Forward Transconductance 

gis® 

< 

(O 

II 

_o 

> 

O 

1 

II 

S 

> 


8 

mho 

input Capacitance 

Ciss 


gTSIil 



Output Capacitance 

Coss 



juiai 

PF 

Reverse Transfer Capacitance 

Cr,. 





Turn-On Delay Time 

td(on) 

Vds = -50 V 

— 

60 


Rise Time 

tr 

Id = 7.6 A 

— 

IBtl 

ns 

Turn-Off Delay Time 

td(off) 

Rgen = Rgs = 15 fl 

— 



Fall Time 

tf 

Vqs = -10 V 

— 



Thermal Resistance Junction-to-Case 

R^jc 


— 

ana 

°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 


[7m 

Diode Forward Voltage 

VsD® 

0) 

o 

II 

lo 

> 


lO 

V 

Reverse Recovery Time 

trr 

■■■BBDEIEiaHBHB 

— 


ns 


*ln accordance with JEDEC registration data. 

®Pulsed: Pulse duration = 300 fis max., duty cycle = 2% 



t 10 100 1000 

DRAIN-TO-SOURCE VOLTAGE (Vqs)—V 

92CM-40G94 

Fig. 1 - Maximum safe operating areas. 
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POWER DISSIPATION (Pt)- 













































































































2 N6897 



0 t 23456789 10 

DRAIN CURRENT (Ip)—A 

92CS-37II3 


Fig. 8 - Typical forward transconductance as a function of 
drain current 
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ID HLAFRRIS 


2N6898 


August 1991 


P-Channel Enhancement-Mode 
Power MOS Field-Effect Transistors 


Features 

• -25A, -100V 

• '■DS(on) = 0.20n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-204AE 
BOTTOM VIEW 



DRAIN 

^(FLANGE) 


Description 

The 2N6898 is a P-channel enhancement-mode silicon-gate power 
MOS field-effect transistor designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching transistors 
requiring high speed and low gate-drive power. This device can be 
operated directly from an integrated circuit. 

The 2N6898 is supplied in the JEDEC TO-204AE steel package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = + 250 C) Unless Otherwise Specified 


Drain-Source Voltage. 


Continuous Drain Current 
RMS Continuous. 


Maximum Power Dissipation 

Tc = +250C. 

Above Tc = + 25 OC, Derate Linearly 


Maximum Lead Temperature for Soldering. 

(At distances > Ve" (3.17mm) from seating plane for 10s max) 



2N6898 

UNITS 

• • VdSS 

-100* 

V 

•••VdGR 

-100* 

V 

.Id 

-25* 

A 

.Idm 

-60* 

A 

.... Vqs 

±20* 

V 

..Pd 

150* 

W 


1.2* 

W/OC 

Tj.TstG 

-55 to+150* 

OC 

.Tl 

260* 

OC 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications 2N6898 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 




CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

nn 

[JHS 

Diode Forward Voltage 

VsD« 

IsD “ 25 A 

0.8 

1.6 

V 

Reverse Recovery Time 

trr 

..mil. . 

— 

750 

ns 


*ln accordance with JEDEC registration data. 

®Pulsed: Pulse duration = 300//s max., duty cycle = 2% 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Max. 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA, Vgs = 0 


— 

V 

Gate Threshold Voltage 

VQs(th) 

Vqs = Vdsi Id “ 0.25 mA 

-2 

Bi 

V 

Zero Gate Voltage Drain Current 

loss 

Vds = -80 V 

— 

1 




Tc = 125°C, Vds = -80 V 

— 

Ell 

Gate-Source Leakage Current 

loss 

Vqs = ±20 V, Vds = 0 

— 

KTi!il 

nA 

Drain-Source On Voltage 

VDs(on)a 

Id= 15.8 a, Vgs =-10 V 

— 

EIQ 




Id = 25 A, Vqs =-10 V 

— 

rai 


Static Drain-Source On Resistance 

rDs(on)a 

Id = 15.8 A, Vgs = -10 V 

— 

iiCT 

0 



Tc = 125®C, Id = 15.8 A, Vgs = 10 V 

— 

filCT 

Forward Transconductance 

gts* 

Vds = -10 V, Id = 15.8 A 

4 

■a 

mho 

Input Capacitance 

Ci88 

Vds = -25 V 

— 

EB 


Output Capacitance 

Co8S 

< 

o 

CO 

II 

O 

< 

— 



Reverse Transfer Capacitance 

Cr88 

f = 0.1 MHz 

— 



Turn-On Delay Time 

td(on) 

Vds = -50 V 

_ 

■*1IB 


Rise Time 

tr 

Id = 12.5 a 




Turn-Off Delay Time 

td(off) 

Rgon = Rg8 = 50 Q 

— 



Fall Time 

tf 

Vgs =-10 V 

— 

i3s?ni 


Thermal Resistance Junction-to-Case 

R^jc 


— 


°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 
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92CM-40695 

Fig. 1 - Maximum safe operating areas. 
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m IHARRIS IRF9130, fRF9131 

IRF9132, IRF9133 

Avalanche Energy Rated 

January 1994 P-Channel Power MOSFETs 


Features 

• -10A and -12A, -80V and -100V 

• rDS(ON) = O.SOfl and 0.40n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 

TO-204AA 
BOTTOM VIEW 



Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 


D 



Description 

The IRF9130, IRF9131, IRF9132 and IRF9133 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JED EC TO-204AA steel 
package. 


Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 






IRF9130 

IRF9131 

IRF9132 

IRF9133 

UNITS 

Drain-Source Voltage (1). 

.Vds 

-100 

-80 

-100 

-80 

V 

Drain-Gate Voltage (RqS = 20kri) (1) . 

Continuous Drain Current 

.... VdgR 

-100 

-80 

-100 

-80 

V 

Tc = 250C. 

.Id 

-12 

-12 

-10 

-10 

A 

Tc = 100OC. 

.Id 

-7.5 

-7.5 

-6.5 

-6.5 

A 

Pulsed Drain Current (3). 

.Idm 

-48 

-48 

-40 

-40 

A 

Gate-Source Voltage. 

. V(5s 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.pd 

75 

75 

75 

75 

W 

{See Figure 14) 

Linear Derating Factor. 


0.6 

0.6 

0.6 

0.6 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 

. ^as 

500 

500 

500 

500 

mJ 

Operating and Storage Junction. 

. TJ.TSTG 

-55 to+150 

-55 to+150 

-55 to+150 -55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = + 25 OC to +150OC 


4. Vdd = 

25V, Start Tj = 

+25OC. L = 

5.2mH, Rq = 25n, Peak II = 12A 

2. Pulse Test: Pulse width < 300jiS, Duty Cycle < 2% 


(See Figures 15 and 16) 



3. Repetitive Rating: Pulse width limited by max. junction temperature. See 





Transient Thermal Impedance Curve (Figure 5) 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9130, IRF9131, IRF9132, IRF9133 
Electrical Characteristics Tc = +250C, Unless Otherwise Specified 



5 




Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

■BBI 

Forward Turn-on Time 

tON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tc = +250C, Is = -12A, Vqs = OV 


Tj = +150OC, Ip = 12A, dlp/dt = 100A/ps 


Tj = +1 SO^C, Ip = -12A, dlp/dt = 10OA/[is 


Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Lq. 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300)is, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vdd = 25V, Start Tj = +250C, L = 5.2mH, 
Rq = 250, Peak II = 12A (See Figures 15 
and 16) 
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DRAIN CURRENT (AMPERES) | Iq, DRAIN CURRENT (AMPERES) 


IRF9130. IRF9131 



92CS-43288 


Fig. 1 - Typical Output Characteristics 
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Vds- DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43290 


Fig. 3 - Typical Saturation Characteristics 



, DRAIN CURRENT (AMPERES) 


IRF9133 



Vqs. GATE-TO-SOURCE voltage (VOLTS) 

92CS-43269 


Fig. 2 - Typical Transfer Characteristics 













































gfs, TRANSCONDUCTANCE (SIEMENS) 


IRF9130, IRF9131, IRF9132, IRF9133 



Fig. 6 - Typical Transconductance Vs. Drain Current 



Fig. 8 - Breakdown Voltage Vs. Temperature 



92CS-43296 



VsD. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43270 


Fig. 7 - Typical Source-Drain Diode Forward Voltage 



Fig. 9 - Normalized On-Resistance \/s. Temperature 


Vqs. GATE-TO-SOURCE VOLTAGE (VOLTS) 
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FOR TEST CIRCUIT 
SEE FIGURE 18 
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Qg, TOTAL GATE CHARGE (nC) 

92CS-43297 


Fig. 10- Typical Capacitance Drain-to-Source Voltage 


Fig. 11 - Typical Gate Charge U's. Gate-to-Source Voltage 




















IRF9130. IRF9131, IRF9132, IRF9133 


RDS(on). DRAIN-TO-SOURCE ON 
RESISTANCE (OHMS) 
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j'GS = 
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EFF 
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ECTO 
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RED W 
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°C. (HEATING 

MINIMAL) 

uS 


,_1_ L _1-1-1-Lj-1-1_I 

0 -10 -20 -30 -40 -50 


Iq, drain current (AMPERES) 

92CS-43298 



Fig. 12 - Typical On-Resistance l/s. Drain Current 



92CS-43305 


Fig. 14 - Power Vs. Temperature Derating Curve 


Fig. 13 - Maximum Drain Current Vs. Case Temperature 


Vds 



Fig. 15 - Undamped Inductive Test Circuit 



Fig. 16 - Undamped Inductive Waveforms 


-Vdd 



•g 'd 

CURRENT CURRENT 



Fig. 17 - Switching Time Test Circuit 


Fig. 18 - Gate Charge Test Circuit 
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mF9140, IRF9141 
fflF9142, IRF9143 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -19A and -ISA, -80V and -100V 

• rDS(ON) = 0.20n and 0.30n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 



Description 

The IRF9140, IRF9141, IRF9142 and IRF9143 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminai Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 




IRF9140 

IRF9141 

IRF9142 

IRF9143 

UNITS 

Drain-Source Voltage (1) ... 

.V0S 

-100 

-80 

-100 

-80 

V 

Drain-Gate Voltage (Rqs = 20ka) (1) . 

— vdgr 

-100 

-80 

-100 

-80 

V 

Continuous Drain Current 

Tc = 250C . 

. Id 

-19 

-19 

-15 

-15 

A 

Tc = 100OC . 

. Id 

-12 

-12 

-10 

-10 

A 

Pulsed Drain Current (3) ... 

.Idm 

-76 

-76 

-60 

-60 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation . 

.Pd 

125 

125 

125 

125 

W 

{See Figure 14) 

Linear Derating Factor . 


1 

1 

1 

1 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4) . 

.^as 

960 

960 

960 

960 

mJ 

Operating and Storage Junction . 

TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to+150 -55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering . 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2% 


4. Vdd = 25V, Start Tj = 
(See Figures 15 and 16) 

+25OC, L = 

4mH, Rq = 250, Peak II = 1 


3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 



CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. fsjurnber 2278.1 

Copyright © Harris Corporation 1994 
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P-CHANNEL 
POWER MOSFETs 
















Specifications !RF9140, IRF9141, iRF9142, IRF9143 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 






LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 1 

MAX 1 

UNITS 

Drain-Source Breakdown Voltage 
IRF9140,IRF9142 

BVdsS 

VgS = 0V,Id = -250pA 

-100 

■1 

■11 

V 

IRF9141,IRF9143 



_ 

-80 

- 

- 

V 

Gate Threshold Voltage 

ASSISI 

VdS = VgS. Id = -250mA 

-2.0 

- 

-4.0 

V 

Gate-Source Leakage Forward 

•gss 

Vgs = -20V 

- 

- 

-100 

nA 

Gate-Source Leakage Reverse 

•gss 

VgS = 20V 

- 

- 

100 

nA 

Zero Gate Voltage Drain Current 

Idss 

Vos Max Rating, Vqs = OV 

- 

- 

-250 

ma 



Vos Max Rating x 0.8, Vqs = OV, 

Tc = +1250C 

- 


-1000 

fiA 

On-State Drain Current (Note 2) 
IRF9140,IRF9141 

ID(ON) 

VdS > ‘DfON) X rDS(ON) Max, Vqs = -1OV 

-19 

_ 


m 

IRF9142,IRF9143 



_ 

-15 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 
IRF9140,IRF9141 

rDS(ON) 

Vgs = -10V,Id = -10A 

■ 

0.15 

0.20 

n 

IRF9142,IRF9143 



_ 

- 

0.22 

0.30 

n 

Forward Transconductance (Note 2) 

gfs 

VdS > 'D(ON) X rDS(ON) Max» >0 = "1 

5 

7 

- 

S{U) 

Input Capacitance 

C|SS 

Vgs = OV, Vos = “25V, f = 1 .OMHz 

- 

1100 

- 

PF 

Output Capacitance 

Goss 

See Figure 10 


- 

550 

- 

PF 

Reverse Transfer Capacitance 

CrsS 



- 

250 

- 

pF 

Turn-On Delay Time 

BSISSHI 

vdd =0.5 bvdss» Id = 

= -19A,RG = 9.in 

- 

16 

20 

ns 

Rise Time 

tr 

See Figure 17. (MOSFET switching times 
are essentially Independent of operating 
temoerature.) 

- 

65 

100 

ns 

Turn-Off Delay Time 

fd(OFF) 

- 

47 

70 

ns 

Fall Time 

tf 

_ 

_ 

- 

28 

90 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = -1 OV, Id = -1 9A, Vqs = 0.8 Max 
Rating. See Figure 18 for test circuit. 

” 

70 

90 

nC 

Gate-Source Charge 

Ggs 

(Gate charge Is essentially independent of 
operating temperature.) 

- 

14 

- 

nC 

Gate-Drain (“Miller") Charge 

Ggd 

- 

56 

- 

nC 

Internal Drain Inductance 

Ld 

Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

oD 

■ 

5.0 

■ 

nH 

Internal Source Inductance 

LS 

Measured from the 
source pin, 6mm 
(0.25”) from header & 
source bonding pad. 


1 

12.5 

1 

nH 

J u nction -to- Case 

R0JC 


- 

- 

1 

OC/W 

Case-to-Sink 

R0CS 

Mounting surface flat, smooth and greased 

- 

0.1 

- 

OC/W 

Junction-to-Ambient 

R0JA 

Typical socket mount 

- 


30 

oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^ 

symbol showing the 

SI 

- 

- 

-19 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / \ ... 

P-N June, rectifier. G I / 

M 

- 


-76 

B 



i 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -19A, Vqs = OV 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = 19A, dlp/dt = 1 00 A/|lis 

- 

170 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -19A, dlp/dt = 10OA/jis 

- 

0.8 

- 

mC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time Is negligible. Turn-on 
speed Is substantially controlled by Ls + Lq. 


“ 

” 



NOTES: 1. Tj = +250C to +150OC 3. Repetitive Rating: Pulse width limited by max. 4. Vpp = 25V, Start Tj = +250C, L = 4mH, 

2. Pulse Test: Pulse width < 300|lis, junction temperature. See Transient Thermal Rq = 250, Peak !(_ = 19A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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ZthJC(»)/RthJC. normalized EFFE 



irLTL 


[ SINGLE PULSE (TRANSIENT t 
[THERMAL IMPEDANCE) T 


- 1. DUTY FACTOR. D= 

. 2 PER UNIT BASE = R,hjc = » 0 DEG C/W 
■ 3 Tjm -Tc = PoMZthJC<') 


2 5 10-2 2 5 10-1 

ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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P-CHANNEL 
POWER MOSFETs 
































































IRF9140, IRF9141, IRF9742, /RF9143 




NEGATIVE VsD. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44167 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown voltage i/s. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (OC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



Qg, TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Pq, power dissipation (WATTS) ^DS(on)- DRAIN TO SOURCE ON RESISTANCE (OHMS) 


IRF9140, IRF9141, IRF9142, IRF9143 



0 -20 -40 -60 -80 -100 


Iq, DRAIN CURRENT (AMPERES) 

Fig. 12 - Typical on-resistance vs. drain current. 



0 50 100 150 

Tc.CASE TEMPERATURE (^C) 

Fig. 13 - Maximum drain current vs. case temperature. 



0 50 100 150 


Tq, case temperature (OC) 

Fig. 14- Power vs. temperature derating curve. 


VdS 



Fig. 15 - Undamped inductive test circuit. 



5 


Fig. 16 - Undamped inductive waveforms. 



VQS = -^OV 

r~' 



VARY tp TO OBTAIN 
REQUIRED PEAK l|. 


CURRENT "'^DS 



92CS-43280 


92CS-43281 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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IRF9150 

IRF9151 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -25A, -80V and -100V 

• ''DS(ON) = 0.1 son 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AE 
BOTTOM VIEW 


DRAIN 
' (FLANGE) 


O O. 


Description 

The IRF9150 and 1RF9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The P-channel IRF9150 is an approximate electrical 
complement to the N-channel IRF150. 

The IRF types are supplied in the JEDEC TO-204AE metal 
package. 


Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 





IRF9150 

IRF9151 

UNITS 

Drain-Source Voltage... 

Continuous Drain Current 

.Vds 

-100 

-80 

V 

Tc = 250C. 

. Id 

-25 

-25 

A 

Tc = 100OC. 

.Id 

-18 

-18 

A 

Pulsed Drain Current. 

.Idm 

-100 

-100 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation.... 

.Pd 

150 

150 

W 

(See Figure 18) 

Linear Derating Factor... 


1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (3). 


1300 

1300 

mj 

(See Figure 14) 

Avalanche Current (Repetitive or Nonrepetitive). 

.Iar 

-25 

-25 

A 

Operating and Storage Junction. 

.TJ,TSTG 

-55 to+150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 





NOTES: 





1 . Pulse Test: Pulse width < SOOjis, Duty Cycle < 2% 

3. VpD = 25V, Start Tj = +250C. L 

= 3.2mhy, Rq = 

250, Peak II = 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 

(See Figures 14 and 15) 



Transient Thermal Impedance Curve (Figure 5) 






CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 


File Number 2280.1 
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Specifications IRF9150, IRF9151 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9150 


IRF9151 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current {Note 1) 


Static Drain-Source On-State 
Resistance (Note 1) 


Forward Transconductance (Note 1) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 

UNITS 

1 MIN 

TYP 

MAX 


BVdSS VGS = 0V,lD = -250fiA 


VgS(TH) Vds = VgS. Id = -250mA 


IGSS Vgs = -20V 


IGSS Vgs = 20V 


loss Vps = Max Rating, Vgs = QV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID{0N) Vds > iD(ON) X rDS{ON) Max. Vgs = 1 0V 


rDS(ON) Vgs = -1 OV, Id = -1OA 


gfs Vds = -10V,Id = ~12.5A 


C|SS Vgs = OV, Vps = -25V, f = 1 .OMHz 
Cqqq See Figure 10 


Vdd = -50V, Id = -25A, Rg = 6.8n, 

Rd = 2Cl. See Figures 16 and 17. 
(MOSFET switching times are essentially 
td(OFF) I independent of operating temperature.) 


Vgs = OV, Id = -25A, Vds = 0.8 Max 
Rating. See Figures 11 & 19 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Ls Measured from the 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 


R0CS Mounting surface flat, smooth and greased 


R0JA Free Air Operation 





0.83 

OC/W 

- 

OC/W 

30 

oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

«S 

Modified MOSFET ^^ 

symbol showing the 

SI 

- 


-25 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / |. 

P-N junc. rectifier. G j h-t / 


■ 

■ 

-100 

■ 



i 

■ 

■ 


■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = 25A, Vgs = OV 


- 

0.9 

1.5 

V 

Reverse Recovery Time 

trr 

Tj = +250C, Ip = 25A, dlp/dt = 10OA/ps 

- 

150 

300 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 25A, dip/dt = 10OA/jis 

0.3 

0.7 

1.5 

jiC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled byLs + Ld- 

“ 

“ 

- 



NOTES: 1. Pulse Test: Pulse width < 300jiS, 2. Repetitive Rating: Pulse width limited by max. 3. Vqq = 25V, Start Tj = +25®C, L = 3.2mhy, 

Duty Cycle < 2% junction temperature. See Transient Thermal Rq = 250, Peak II = 25A (See Figures 14 

Impedance Curve (Figure 5) and 15) 
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P-CHANNEL 
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DRAIN CURRENT (Id) — AMPS 


IRF9150, IRF9151 


PULSE DURATION=^80us Tc=25degC 




-20 -30 -40 -50 

DRAIN-TO-SOURCE VOLTAGE Vds)-V 


GATE-TO-SOURCE VOLTAGE (Vgs)-V 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 


-50^ PULSE DURATION = 80^s Tc = 25‘’C 


DRAIN-TO-SOURCE VOLTAGE (Vqs) - V 


OPEnATION IN THIS 1 
; AREA IS LIMITED j 


Tg-as’c 
- Tj- «BO*C MM. 
R^-0.83*C/W 
SINGLE PULSE 


Fig. 3- Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



SQUARE WAVE PULSE DURATION (tD-SECONDS 


Fig. 5 - Maximum effective transient thermal impedance. 




















































IRF9150, IRF9151 


25degC 150degC 



DRAIN CURRENT (Id)-AMPERES 

GFSIRF9150CF1 

Fig. 6 - Typical transconductance vs. drain current. 


25degC 150degC 



VSDIRF9150CF1 


Fig. 7 - Typical source-drain diode forward voltage. 



BVDIRF9150CF1 

Fig. 8 - Normalized breakdown voltage vs. temperature. 


Vgs=10V ld=12.5A 


JUNCTION TEMPERATURE CTjhdegC 

RDS1RF9150CF1 

Fig. 9 - Normalized on-resistance vs. temperature. 


CISS COSS CRSS 

FREQUENCY (fHMHz 

4500 

4000 

3500 

f 3000 
G 

y 2500 
z 

^ 2000 

< 1500 
O 

1000 
500 


Fig. 10 ~ Typical capacitance vs. drain-to source voltage. 



CAPIRF9150CF1 



Fig. 11 - Typical gate charge vs. gate-to source voltage. , 


P-CHANNEL 
POWER MOSFETs 















IRF9150, IRF9151 


Vgs=-10V Vgs=-20V 



Fig. 12 - Typical on-resistance vs. drain current. 



IDIRF9250CF1 

Fig. 13 - Maximum drain current vs. case temperature. 



Fig. 14 - Undamped inductive test circuit. 


Fig. 15- Undamped inductive waveforms. 




Fig. 16- Switching time test circuit. 


Fig. 17 - Switching time waveforms. 





IRF9150, IRF9151 



P-CHANNEL 
POWER MOSFETs 
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IRF9230, IRF9231 
IRF9232, IRF9233 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -5.5A and -6.5A, -1S0V and -200V 

• rDS(ON) = 0.80n and 1.2(1 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 


(f^nge) 

Co ^ ^ 


Description 

The 1RF9230, IRF9231, 1RF9232 and IRF9233 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 






IRF9230 

IRF9231 

IRF9232 

IRF9233 

UNITS 

Drain-Source Voltage (1). 

. Vds 

-200 

-150 

-200 

-150 

V 

Drain-Gate Voltage (RqS = 20k(l) (1). 

Continuous Drain Current 

• •• • VdGR 

-200 

-150 

-200 

-150 

V 

Tc = 250C. 

. Id 

-6.5 

-6.5 

-5.5 

-5.5 

A 

Tc = 100OC. 

. Id 

-4.0 

-4.0 

-3.5 

-3.5 

A 

Pulsed Drain Current (3). 

. Idm 

-26 

-26 

-22 

-22 

A 

Gate-Source Voltage. 

.Vos 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

. Pd 

75 

75 

75 

75 

W 

(See Figure 14) 

Linear Derating Factor. 


0.6 

0.6 

0.6 

0.6 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 

.Fas 

500 

500 

500 

500 

mJ 

Operating and Storage Junction. 

. TJ.TSTG 

-55 to +150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

oc 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = +250Cto +150OC 


4. Vdd = 

50V, Start Tj = 

+25OC, L = 17.75mH, Rq = 25n, Peak \[_ = 6.5A 

2. Pulse Test: Pulse width < SOOjis, Duty Cycle < 2% 


(See Figures 15 and 16) 



3. Repetitive Rating: Pulse width limited by max. junction temperature. See 





Transient Thermal Impedance Curve (Figure 5) 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9230, /RF9231. IRF9232, IRF9233 


Electrical Characteristics Tc = +250C, Unless Otherwise Specified 





CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9230,IRF9232 


IRF9231,IRF9233 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9230,IRF9231 


IRF9232,IRF9233 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9230,IRF9231 
IRF9232,IRF9233 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


e 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = -250pA 


VgS(TH) |VdS = VgS. lD = -250fiA 


•GSS Vqs = -20V 


'GSS Vgs = 20V 


IdSS VpS = Max Rating, Vgs = OV _ 

VdS “ Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vds > Id(ON) X rDS(ON) Max, Vgs = "1OV 


-10V,Id = -3.5A 


Vds > Id(ON) X rDS(ON) Max. b ”3.5A 


I Vgs = OV, Vds = -25v, f = 1 .omhz 

See Figure 10 


Vdd =0.5 BVdSS. Id = -6.5A, Rg = 500 
See Figure 17. (MOSFET switching times 
are essentially Independent of operating 
temperature.) 


Vgs = -1 OV, Id = -6.5A, VdS = O.S Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 




Modified MOSFET 
symbol showing the 
internal device 
inductances. 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 
(0.25”) from header & 
source bonding pad. 


Rqjc 


BGCS Mounting surface flat, smooth and greased 


ROJA Typical socket mount 




Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^ 

symbol showing the 

SI 

- 

- 

-6.5 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / |_ 

P-Njunc. rectifier. G j / 

M 

- 

- 

-26 

B 



i 




■ 

Diode Forward Voltage (Note 2) 


Tc = +250C, Is = “6.5A, Vgs = OV 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = -6.5A, dlp/dt = 10OA/ps 

- 

400 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -6.5A, dip/dt = 1 OOA/ms 

- 

2.6 

- 

mC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

“ 

“ 

” 

” 


NOTES: 1. Tj = +250C to +150OC 3. Repetitive Rating: Pulse width limited by max. 4. Vdd = 50V, Start Tj = +250C, L = 17.75mH, 

2. Pulse Test: Pulse width j< 300|iS, junction temperature. See Transient Thermal Rq = 250, Peak li_ = 6.5A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9230, /RF9231, IRF9232, IRF9233 



92CS-43308 

Fig. 1 - Typical output characteristics. 



92CS-43309 

Fig. 2 - Typical transfer characteristics. 



92CS-43310 



- 1.0 -10 -100 -1000 
Vds- DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, junction- 
to-case vs. pulse duration. 
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IRF9230, IRF9231. IRF9232, IRF9233 
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■ 








_ 

rj = - 

55 C 







■ ' 


r“ 

rj = 2 










5X“" 









/ 





1—1— 

Tj =125 X 



W/a 

gi 









m 










m 





















0 -3 -6 -9 -12 -15 

Id. drain current (amperes) 

92CS-43312 


Fig. 6 - Typical transconductance vs. drain current. 



VSD. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43270 

Fig. 7 - Typical source-drain diode forward voltage. 
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-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (X) 

92CS-43313 



Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



92CS-43314 



Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9230, IRF9231, IRF9232. IRF9233 


RDS(on). DRAIN-TO-SOURCE 

ON RESISTANCE (OHMS) 

O p M 

ik OB io b> o 

RDS(on) measured WITH CURRENT PULSE OF 2.0 (jS 
DURATION. INITIAL Tj = 25 "C. (HEATING —i 

EFFECT OF 2.0 mS PULSE IS MINIMAL) / 
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0 -5 -10 -15 -20 -25 

Iq, drain current (AMPERES) 

92CS-43316 


Fig. 12 - Typical on-resistance vs. drain current. 



Fig. 14 - Power vs. temperature derating curve. 



Fig. 13 - Maximum drain current vs. case temperature. 


vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 


-Vdd 



'g 

CURRENT 



Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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IRF9240, IRF9241 
IRF9242, fflF9243 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -9A and -11 A, -150V and -200V 

• >'DS(ON) = 0.50n and 0.7n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 



Description 

The IRF9240, IRF9241, IRF9242 and IRF9243 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-204AA steel 
package. 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 

IRF9240 IRF9241 IRF9242 IRF9243 UNITS 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage (Rqs = SOkH) (1 ).Vdqr 

Continuous Drain Current 

Tc = 250C. Id 

Tc = 100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage. Vg 5 

Maximum Power Dissipation. Pd 

(See Figure 14) 

Linear Derating Factor. 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4).Egs 

Operating and Storage Junction.TJ.TSTG 

Temperature Range 

Maximum Lead Temperature for Soldering.T^ 

(0.063” (1.6mm) from case for 10s) 


-200 

-150 

-200 

-150 

V 

-200 

-150 

-200 

-150 

V 

-11 

-11 

-9 

-9 

A 

-7 

-7 

-6 

-6 

A 

-44 

-44 

-36 

-36 

A 

±20 

±20 

±20 

±20 

V 

125 

125 

125 

125 

W 

1 

1 

1 

1 

W/OC 

790 

790 

790 

790 

mJ 

-55 to+150 

-55 to +150 

-55 to +150 

-55 to +150 

OC 

300 

300 

300 

300 

oc 


NOTES: 

1. Tj = +25OC to +150^0 

2. Pulse Test: Pulse width < 300ns, Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vqd = 50V, Start Tj = +250C, L = 9.8mH, Rq = 250, Peak II = 11A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ (sjurnbcr 2279 

Copyright © Harris Corporation 1991 



5-55 


P-CHANNEL 
POWER MOSFETs 




















Specifications IRF9240, IRF924 h IRF9242, IRF9243 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9240, IRF9242 


IRF9241,IRF9243 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9240,IRF9241 


IRF9242,IRF9243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9240,IRF9241 


IRF9242, IRF9243 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


BVdSS Vgs = 0V.Id = “250pA 


VdS = VgS. Id = -250|iA 


•GSS Vqs = -20V 


IGSS Vgs = 20V 


loss Vps = Max Rating, Vgs - OV _ 

Vqs = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vds > ID(ON) X rDS(ON) Max, Vgs = -1OV 


rDS(ON) Vgs = 1 0V, Id = "6A 


Vds > iDfON) X rpSfON) Max» 'd = "OA 


Vgs = OV, Vds = -25v, f = 1 .omhz 
See Figure 10 


Vdd =100 bvdss. Id = -11 a, rg = 9.1 a 

See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1 OV, Id = -11 a, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 


Rqjc 


RqCS Mounting surface flat, smooth and greased 


Rqja Typical socket mount 



■■■ 






OC/W 


OC/W 


30 oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

's 

Modified MOSFET ^_J 

symbol showing the | 

SI 

- 

- 

-11 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / . \ -J 

P-N junc. rectifier. G ( 11^ 

M 

■ 

■ 

-44 

H 


< 

i 

■ 

■ 


■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = - 1 1 A, Vgs = OV 


- 


-1.5 

V 

Reverse Recovery Time 

frr 

Tj = +150OC, Ip = -11 A, dlp/dt = 10OA/ps | 

- 


- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -11 A, dl p/dt = 10OA/ps 

- 

2 

“ 

jiC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



■ 



NOTES: 1. Tj » +250C to +150^0 3, Repetitive Rating: Pulse width limited by max. 4. Vqd = 50V, Start Tj = +250C, L = 9.8mH, 

2. Pulse Test: Pulse width < 300|iS, junction temperature. See Transient Thermal Rq = 250, Peak II = 11A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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mFB240, IRF924 h IRF9242, IRF9243 
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0 -10 -20 -30 -40 -5( 

Iq, drain current (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 


NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44170 

Fig. 7 - Typical source-drain diode forward voltage. 
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1 

Vgs = -1 

ov 









'0 

= -5.5A 

1 _^_, 















Tj, JUNCTION TEMPERATURE (<>0 

Fig. 8 - Breakdown voltage vs. temperature. 


Tj, JUNCTION TEMPERATURE 

Fig. 9 - Normalized on-resistance vs. temperature. 


Cgj. C(js SHORTED 


Vqs = -160V,IRF9240,9242 


Vqs- drain TO SOURCE VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Qg, TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 






















IRF9240, mF9241, IRF9242, /RF9243 



0 -10 -20 -30 -40 -50 -60 -70 


Iq, drain current (AMPERES) 



0 50 100 150 

Tc, CASE TEMPERATURE (<>0 


Fig. 12 - Typical on-resistance vs. drain current. 


Fig. 13 - Maximum drain current vs. case temperature. 



0 50 100 150 


Tc, CASE TEMPERATURE (OC) 

Fig. 14 - Power vs. temperature derating curve. 


Vos 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 




VARY tp TO OBTAIN 
REQUIRED PEAK II 


92CS-43280 



RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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m IHARRIS IRF9510j IRF9511 

IRF9512, IRF9513 

Avalanche Energy Rated 

January 1994 P-Channel Power MOSFETs 


Features 

• -2.5A and -3.0A, -80V and -100V 

• *'DS(ON) = 1-20 and 1.60 

• Single Pulse Avalanche Energy Rated 
» SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

Description 

The IRF9510, IRF9511, IRF9512 and IRF9513 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Package 

TO-220AB 
TOP VIEW 


SOURCE 

DRAIN 

GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 


D 


G 


S 




Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 




IRF9510 

IRF9511 

IRF9512 

IRF9513 

UNITS 

Drain-Source Voltage (1). 

.Vds 

-too 

-80 

-100 

-80 

V 

Drain-Gate Voltage (Rqs == SOkH) (1 ). 

Continuous Drain Current 

.VdgR 

-100 

-80 

-100 

-80 

V 

Tc = 250C. 

.Id 

-3.0 

-3.0 

-2.5 

-2.5 

A 

Tc = 100OC. 

.Id 

-2.0 

-2.0 

-1.5 

-1.5 

A 

Pulsed Drain Current (3). 

. Idm 

-12 

-12 

-10 

-10 

A 

Gate-Source Voltage . 

.vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

. pd 

20 

20 

20 

20 

W 

(See Figure 14) 

Linear Derating Factor. 


0.16 

0.16 

0.16 

0.16 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 

.^as 

190 

190 

190 

190 

mJ 

Operating and Storage Junction. 

.... TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

. Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25^0 to +150OC 

2. Pulse Test: Pulse width <_300|jis,Duty Cycle <2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vdd = 25V. Start Tj = +250C, L = 31 .TmHfi. Rq = 250, Peak II = 3.0A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9570. IRF9511, iRF9512, IRF9513 
Electrical Characteristics Jq = +25oc, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9510,IRF9512 


1RF9511,IRF9513 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9510,IRF9511 


IRF9512,IRF9513 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9510,IRF9511 


IRF9512,IRF9513 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller”) Charge 


Internal Dram Inductance 


TEST CONDITIONS 


MAX UNITS 


BVdsS 

VqS = OV, Id = -250jiA 

VgS(TH) 

VdS = VGS. lD = -250pA 

'gss 

Vgs = -20V 

IGSS 

VgS = 20V 

IdSS 

Vps = Max Rating, Vqs = OV 


VdS = Max Rating x 0.8, Vqs = OV, 

Tc = +12500 

Id(ON) 

VdS > •D(ON) X rDS(ON) Max, Vqs = "1 OV 

'■DS(ON) 

VgS = -10V,Id = -1.5A 

9fs 

VdS > 'D(ON) X rDS(ON) Max^ b = -SA 

C|SS 

Vqs = OV, Vds = -25V, f = 1 .OMHz 

Goss 

See Figure 10 

CrsS 


iisBn 

Vdd =0.5 bvdss Id = -3-OA, Rg = 50n 

tr 

See Figure 17. (MOSFET switching times 
are essentially independent of operating 

td(OFF) 

temperature.) 

tf 


Qg 

Vgs = -1 OV, Id = -3A, Vds = 0.8 Max 

Rating. See Figure 18 for test circuit. 

QgS 

(Gate charge is essentially independent of 

Qqd 

operating temperature.) 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Mounting surface flat, smooth and greased 


Typical socket mount 



Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

Ion 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tc = +250C, Is = -3.0A, Vqs = OV 


Tj = +150OC, Ip = -3.0A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = -3.0A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq 




NOTES: 1. Tj = +25^0 to +150OC 

2. Pulse Test; Pulse width < SOOfis, 
Duty Cycle <2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 25V. Start Tj = +250C, L = 31.7mH, 
Rq = 250, Peak ![_ = 3.0A (See Figures 15 
and 16) 
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IRF9510, IRF9511, /RF9512, /RF9513 



Vos- DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



92CS-43263 


92CS-43264 


Fig. 1 - Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 
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Fig. 3 - Typical saturation characteristic. 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, junction-to-case vs. pulse duration. 


5-62 




















IRF9510, /RF9511, IRF9512, IRF9513 



Fig. 6 - Typical transconductance vs. drain current. 



92CS-43269 

Fig. 7 - Typical source-drain diode forward voltage. 
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Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



Vqs, DRAIN-TO-SOURCE voltage (VOLTS) 
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Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9510, IRF9511, IRF9512, IRF9513 
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Iq, drain current (AMPERES) 

92CS-43275 

Fig. 12 - Typical on-resistance vs. drain current. 



92CS-43277 

Fig. 14 - Power vs. temperature derating curve. 



Fig. 13 - Maximum drain current vs. case temperature. 

Vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 
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Fig. 17 - Switching time test circuit. 
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Fig. 18 - Gate charge test circuit. 
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IRF9520, IRF9521 
IRF9522, IRF9523 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -5A and -6A, -80V and -100V 

• roSCON) = O.en and 0.80 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF9520, IRF9521, IRF9522 and IRF9523 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 


Drain-Source Voltage (1).Vps 

Drain-Gate Voltage (Rqs = SOkO) (1 ).Vdgr 

Continuous Drain Current 

Tc = 250C. Id 

Tc = 100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation. Pd 

(See Figure 14) 

Linear Derating Factor. 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4).Eas 

Operating and Storage Junction.TJ, TSTG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


NOTES: 

1. Tj = + 25 OC to +150OC 

2. Pulse Test: Pulse width < SOOjiS.Duty Cycle < 2% 


IRF9520 

IRF9521 

IRF9522 

IRF9523 

UNITS 

-100 

-80 

-100 

-80 

V 

-100 

-80 

-100 

-80 

V 

-6 

-6 

-5 

-5 

A 

-4 

-4 

-3.5 

-3.5 

A 

-24 

-24 

-20 

-20 

A 

±20 

±20 

±20 

±20 

V 

40 

40 

40 

40 

W 

0.32 

0.32 

0.32 

0.32 

W/OC 

370 

370 

370 

370 

mj 

-55 to +150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

300 

300 

300 

300 

OC 


4. V 0 D = 25V, Start Tj = +250C, L = 15.4mHji, Rq = 25n, Peak \[_ = 6.0A 
(See Figures 15 and 16) 


3. Repetitive Rating: Pulse width limited by max. iunction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRF9520, IRF9521, IRF9522, IRF9523 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRF9520, IRF9522 

BVdsS 

IRF9521,IRF9523 


Gate Threshold Voltage 

VgS(TH) 

Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

igss 

Zero Gate Voltage Drain Current 

•dss 

On-State Drain Current (Note 2) 
IRF9520, IRF9521 

'D(ON) 

IRF9522, IRF9523 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9520,IRF9521 

rDS(ON) 

IRF9522, IRF9523 


Forward Transconductance (Note 2) 

gfs 

Input Capacitance 

Ciss 

Output Capacitance 

Coss 

Reverse Transfer Capacitance 

CrSS 

Turn-On Delay Time 

BSSSI 

Rise Time 

tr 

Turn-Off Delay Time 

fd(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 

Internal Source Inductance 

LS 

Junction-to-Case 

R0JC 

Case-to-Sink 

R0CS 

Junction-to-Ambient 

R0JA 


TEST CONDITIONS 


VGS = 0V,lD = -250pA 


VdS = VgS. Id = -250}iA 


Vgs = -20 V 


VgS = 20V 


VdS = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tc = +1250C 


Vds > iD(ON) X rDS(ON) Max, Vqs = "1 OV 


Vgs = ”10V,Id = -3.5A 


Vds > *D(ON) X rDS(ON) Max» = -3-5A 


VgS = OV, Vds = -25V, f = 1 .OMHz 
S ee Figure 10 


LIMITS 

MIN I TYP I MAX UNITS 


Vdd =0.5 BVdsS. »D = -O.OA, Rq = 5oa 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vqs = OV, Id = -6A, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Mounting surface flat, smooth and greased 


Typical socket mount 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET 

symbol showing the 1 

integral reverse / . |-J 

I 

■ 

■ 

-6.0 

A 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 



-24 

■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -6.0A, Vqs = OV 

- 

- 

-1.5 

V 

Reverse Recovery Time 

frr 

Tj = +150OC, Ip -6.0A, dlp/dt = 10OA/ps 

- 

230 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -6.0A, dlp/dt = 10OA/^is 

- 

1.3 

- 

fC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time Is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

— 



■ 


NOTES; 1. Tj = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 4. Vqd = 25V, Start Tj = +250C, L = 15.4mH, 

2. Pulse Test: Pulse width < 300jjis, junction temperature. See Transient Thermal Rq = 250, Peak l|_ = 6.0A (See Figures 15 

Duty Cycle ^2% Impedance Curve (Figure 5) and 16) 
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THERMAL IMPEDANCE (PER UNIT) ^ , . l 


IRF9520, IRF9521, /RF9522, IRF9523 



Vos, DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 



0 -2 -A -6 -8 -10 

Vos. GATE TO SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 



-1 -2 -3 -4 -5 

Vqs, drain TO source VOLTAGE (VOLTS) 



Fig. 3 - Typical saturation characteristics. Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9520, IRF9521, /RF9522, /RF9523 



0 -2 -4 -6 -8 -10 

iQ. drain current (AMPERES) 

Fig. 6 - Typical transconductance vs. drain current. 



NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44168 

Fig. 7 - Typical source-drain diode forward voltage. 



Tj. JUNCTION TEMPERATURE <<>0 
Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 9 - Normalized on-resistance vs. temperature. 



Vqs, DRAIN to source VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9520, IRF9521, IRF9522, IRF9523 



0 5 10 15 20 25 



Iq, drain current (AMPERES) 


Tc.CASE TEMPERATURE (OC) 


Fig. 12 - Typical on-resistance vs. drain current. 


Fig. 13 - Maximum drain current vs. case temperature. 



0 20 4C 60 80 100 120 140 

Tc, CASE TEMPERATURE (OC) 


Fig. 14 - Power vs. temperature derating curve. 


Vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 


L 

‘p 

r—1 

Vgs = -10 V 

u 


J 



VARY tp TO OBTAIN 
REQUIRED PEAK 1^ 


92CS-43280 
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92CS-43281 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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^ HARRIS IRF9530, fRF953f 

fRF9532, fRF9533 

Avalanche Energy Rated 

January 1994 P-Channel Power MOSFETs 


Features 

• -10A and -12A, -80V and -100V 

• = 0.3n and 0.4fl 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


Description 

The IRF9530, IRF9531, IRF9532 and IRF9533 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminai Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 25^0 Unless Otherwise Specified 






IRF9530 

IRF9531 

IRF9532 

1RF9533 

UNITS 

Drain-Source Voltage (1). 

.Vps 

-100 

-80 

-100 

-80 

V 

Drain-Gate Voltage {Rqs = 20kn) (1). 

Continuous Drain Current 

.vdgr 

-100 

-80 

-100 

-80 

V 

Tc = 250C. 

. iD 

-12 

-12 

-10 

-10 

A 

Tc = 100OC. 

. b 

-7.5 

-7.5 

-6.5 

-6.5 

A 

Pulsed Drain Current (3). 

.Idm 

-48 

-48 

-40 

-40 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

75 

75 

75 

75 

W 

(See Figure 14) 

Linear Derating Factor.. 


0.6 

0.6 

0.6 

0.6 

w/oc 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 


500 

500 

500 

500 

mJ 

Operating and Storage Junction. 

.. TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 







NOTES: 







1. Tj = + 25 OC to + 1500c 


4. Vdd = 

25V, Start TI = 

+ 25 OC, L = 5.2mHji, Rq = 250, Peak II = 12A 

2. Pulse Test: Pulse width < 300ps,Duty Cycle < 2% 


(See Figures 15 and 16) 



3. Repetitive Rating: Pulse width limited by max. junction temperature. See 





Transient Thermal Impedance Curve (Figure 5) 








CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 


File Number 2221.1 
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Specifications IRF9530, /RF953 /, IRF9532, IRF9533 

Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9530,IRF9532 


IRF9531,IRF9533 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9530, IRF9531 


IRF9532,IRF9533 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9530,IRF9531 


IRF9532, IRF9533 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS VGS = 0V,lD = -250fiA 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VdS = Vgs. Id = -250^A 


IGSS Vgs = -20V 


IGSS Vgs = 20V 


loss Vps = Max Rating, Vqs = OV _ 

Vps = Max Rating x 0.8, Vgs = OV, 

Tc = +1250c 


ID(ON) Vps > ID(ON) X rDS(ON) Max, Vgs = "I OV 


'■DS(ON) Vgs = “1 ov, ip = -e.sA 


Vps > iDfON) X rps(ON) Max »'d = 6.5A 


Vgs = OV, Vps = -25V, f = 1 .OMHz 
S ee Figure 10 


Vpp =0.5 BVpss» Id = “1 2 A, Rq = 5on 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vqs = -1OV, Ip = -12A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg.to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”)from pkg.to 
source bonding pad. 





R0CS 

Mounting surface flat, smooth and greased 

R0JA 

Typical socket mount 



Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^_^ 

symbol showing the 

SI 

■ 

■ 

-12 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / ^.— 

P-Njunc. rectifier. G ( | j-^ P 

n 

- 

- 

-48 

A 



i 





Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -12A, Vgs = ^V 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = -12A, dlp/dt = 10OA/ps 

- 

300 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -12A, dlp/dt = 10OA/jis 

- 

1.8 

- 

mC 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 

“ 

“ 

■ 

■ 


NOTES: 1. Tj = +25^0 to +150OC 3. Repetitive Rating: Pulse width limited by max. 4. Vqd = 25V, Start Tj = +250C, L = 5.2mH, 

2. Pulse Test: Pulse width ^SOOjjis, junction temperature. See Transient Thermal Rq = 250, Peak II = 12A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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/RF9530, IRF9531, IRF9532, /RF9533 
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92CS-43298 


Fig. 12 - Typical on-resistance vs. drain current. 



92CS-43305 


Fig. 14 - Power vs. temperature derating curve. 



Fig. 13 - Maximum drain current vs. case temperature. 


Vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 



VARY tp TO OBTAIN 
REQUIRED PEAK Ij, 


92CS-43280 


-Vds 



RESISTOR RESISTOR 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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IRF9540, mF9541 
IRF9542, IRF9543 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -ISA and -19A, -80V and -100V 

• rDS{ON) = 0.20n and O.SOri 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF9540, IRF9541, IRF9542 and IRF9543 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Termina! Diagram 

N-CHANNEL ENHANCEMENT MODE 

D 



Absolute Maximum Ratings {Tq = 250C) Unless Otherwise Specified 




IRF9540 

IRF9541 

iRF9542 

IRF9543 

UNITS 

Drain-Source Voltage (1). 

.Vos 

-100 

-80 

-100 

-80 

V 

Drain-Gate Voltage (Rqs = SOkH) (1). 

Continuous Drain Current 

.VoGR 

-100 

-80 

-100 

-80 

V 

Tc = 250C . 

. Id 

-19 

-19 

-15 

-15 

A 

Tq = 100OC. 

. Id 

-12 

-12 

-10 

-10 

A 

Pulsed Drain Current (3).. 

.Idm 

-76 

-76 

-60 

-60 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

125 

125 

125 

125 

W 

(See Figure 14) 

Linear Derating Factor. 


1 

1 

1 

1 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 

. ^as 

960 

960 

960 

960 

mJ 

Operating and Storage Junction. 

.... TJ.TSTG 

-55 to +150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = + 25 OC to +150OC 4. Vqq = 25V, Start Tj = +250C, L = 4mH, Rq = 250, Peak II = 19A 

2. Pulse Test; Pulse width < 300MS,Duty Cycle < 2% Figures 15 and 16) 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 


File Number 2282.2 
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Specifications mFS540. IRF9547, IRF9542, iRF9543 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTEillSTfC 


Drain-Source Breakdown Voltege 
IRF9540,IRF9542 


IRF9541,IRF9543 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9540,IRF9541 


IRF9542, IRF9543 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9540,IRF9541 


IRF9542,IRF9543 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ("Miller”) Charge 


Internal Drsun inductance 



TEST CONDITIONS 


BVdsS Vgs = 0V,Id = -250}iA 


i^asu 


Internal Source inductance 


Juncfion-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Vds = Vgs. Id = -250mA 


Jgss Vgs=-20V 


»GSS Vgs = 20V 


•dSS Vps = Max Rating, Vgs = QV _ 

Vds ~ Rating x 0.8, Vgs = OV, 

Tc = +125«>C 


•D(0N) Vds > ID(0N) x rDS(ON) Max, Vgs = “1OV 


*’DS(ON) Vgs=”1 ov, ip=-i oa 


Vds > >D(ON) X rDS(ON) Max» ‘D = 


Vgs = ov, Vds=“ 25v, f=1 .omhz 
S ee Figure 10 


Vdd =0.5 BVdsS» >D = -19A, Rg = 9-10 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1 OV, Id = -1 9A, Vps = 0.8 Max 
Rating. See Rgure 18 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg. to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Mounting surface fiat, smooth and greased 


Typical socket mount 






1 1 OC/W 


OC/W 


80 oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

«S 

Modified MOSFET _^ 

symbol showing the 
integral reverse f | 

P-N June, rectifier. g I 

1 

■ 

■ 

-19 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

ISM 



-76 

■ 


i 

Diode Forweu’d Voltage (Note 2) 

VSD 

Tc = +250C, Is = -19A, Vps = OV 

- 

- 

-1.5 

1 V 1 

Reverse Recovery Time 

Vr 

Tj = +150OC, Ip = 19A, dlp/dt = lOOA/ps 

- 

170 

- 


Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = 19A, dlp/dt = 10OA/ps 

- 

0.8 

0 

pC 

Forward Tum-on Time 

fON 

Intrinsic tiim-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 

— 

- 

— 



NOTES: 1. Tj = +250C to 4-150OC 3. RepetRive Rating: Pulse width limited by max. 4. Vop = 25V, Start Tj = +250C, L = 4mH, 

2. Pulse Test: Pulse width < 3CK)}is, junction temperature. See Transient Thermal Rq = 250, Peak lj_ = 19A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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2thJC(‘>/RthJC- normalized EFFECTIVE TRANSIENT 

THERMAL IMPEDANCE (PER UNIT) 'D- DRAIN CURRENT (AMPERES) 1q, DRAIN CURRENT (AMPERES) 


IRF9540, IRF9541. IRF9542, IRF9543 



Vqs, drain TO source VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 



Fig. 2 - Typical transfer characteristics. 



Vqs. drain to SOURCE VOLTAGE (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRF9540, IRF9541, IRF9542. IRF9543 



|0, DRAIN CURRENT (AMPERES) 

F/gr. 6 - Typical transconductance vs. drain current. 



-0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8 

NEGATIVE VsD. SOURCE-TO-ORAIN VOLTAGE (VOLTS) 


92Gl>-rta167 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 8 - Breakdown voltage vs. temperature. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRF9540, IRF9541, IRF9542. IRF9543 




0 50 100 150 

Tq.case temperature (OC) 

Fig. 13 - Maximum drain current vs. case temperature. 



0 50 100 150 

Tc, CASE TEMPERATURE (°C) 


Fig. 14 - Power vs. temperature derating curve. 


Vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 




VARY tpTO OBTAIN 
REQUIRED PEAK II 



RESISTOR RESISTOR 


92CS 43280 


92CS-43201 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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IRF9620, IRF9621 
IRF9622, IRF9623 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -3A and -3.5A, -150V and -200V 

• »'dS(ON) = I.Sn and 2ACl 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The IRF9620, IRF9621, IRF9622 and IRF9623 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 




IRF9620 

IRF9621 

IRF9622 

IRF9623 

UNITS 

Drain-Source Voltage (1). 

.Vds 

-200 

-150 

-200 

-150 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

Continuous Drain Current 

.Vdgr 

-200 

-150 

-200 

-150 

V 

Tc = 250C. 

. Id 

-3.5 

-3.5 

-3 

-3 

A 

Tc = 1000 c. 

.Id 

-2 

-2 

-1.5 

-1.5 

A 

Pulsed Drain Current (3). 

.Idm 

-14 

-14 

-12 

-12 

A 

Gate-Source Voltage . 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

40 

40 

40 

40 

W 

(See Figure 14) 

Linear Derating Factor. 


0.32 

0.32 

0.32 

0.32 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 


290 

290 

290 

290 

mj 

Operating and Storage Junction. 

_TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = + 25 OC to +150OC 

2. Pulse Test: Pulse width < 300)is,Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = + 25 OC. L = 35.5mH, Rq = 250, Peak II = 3.5A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9620, IRF962h iRF9622. IRF9623 

Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9620,IRF9622 


IRF9621,IRF9623 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9620,IRF9621 


IRF9622, IRF9623 


Static Drain-Source On-State 
Resistance (Note 2) 

IRF9620, IRF9621 


IRF9622, IRF9623 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Risenme 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ( Miller") Charge 


Internal Drain Inductance 



TEST CONDITIONS 


LIMITS 

UNITS 

1 MIN 

TYP 

MAX 


BVdSS Vgs = 0V.Id = -250mA 


i^asii 


Internal Source Inductance 


Ju nction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VdS = Vqs. Id = “250mA 


IGSS Vgs = -20V 


«GSS VGS-20V 


loss Vps - Max Rating, Vgs - OV _ 

Vqs = Max Rating x 0.8, Vgs == 0^* 

Tc = +1250C 


ID(ON) Vds > ID(ON) X rDS(ON) Max, Vgs = “1 OV 


•"DSfON) Vgs=OV, iq = -sa 


Vds > •d(ON) X rDS(ON) Max» >0 = 1 -SA 


Vgs = OV, Vds = -25v, f=1 .omhz 

See Figure 10 


Vdd =0.5 BVdsS» Id = -3.5A, Rg = 500 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1 OV, Id = -3.5A, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit 
(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25") from pkg.to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from pkg.to 
source bonding pad. 


Mounting surface flat, smooth and greased 


Typical socket mount 





Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

«S 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-Nfunc. rectifier. G 


Tc = +250C, Is = -3.5A, Vgs = OV 


Tj = +150OC, Ip = -3.5A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = -3.5A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld 


3.12 OC/W 


OC/W 


80 j OC/W 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|js, 
Duty Cycle <2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. V 0 Q = 50V, Start Tj = +250C, L = 35.5mH, 
Rq = 250, Peak l|_ = 3.5A (See Figures 15 
and 16) 
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IRF9620. IRF9621, IRF9622, IRF9623 



Fig. 6 - Typical transconductance vs. drain current. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 8 - Breakdown voltage vs. temperature. 



Fig. 7 - Typical source-drain diode forward voltage. 



Tj, JUNCTION TEMPERATURE (“O 


Fig. 9 - Normalized on-resistance vs. temperature. 




0 4 8 12 16 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 10 - Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 









Pp.POWIR DISSIPATION (WATTS) RoS(on)‘ DRAIN TO SOURCE ON RESISTANCE (OHMS) 


IRF9620, IRF9621. IRF9622. IRF9623 



0 4 8 T2 16 20 

(q, drain current (AMPERES) 


Fig, 12 - Typical on-resistance vs. drain current 



qI-1-1_^_I_I_I_I_I_1 ,,.,1 

25 50 75 100 125 150 

Tp, CASE TEMPERATURE (OC) 

Fig. 13 - Maximum drain current vs. case temperature. 



0 20 40 60 80 100 120 140 


Tc. CASE TEMPERATURE (OC) 

Fig. 14 - Power vs. temf^rature derating curve. 


vds 



Fig. 15 - Undamped inductive test circuit 



Fig. 16 - Undamped inductive waveforms. 



VARVIpTOOBTAtM 
REOUIRIEO PEAK It. 


32CS-43280 



RESISTOR RESISTOR 


92CS'432S1 


Fig. 17- Switching time t^t circuit 


Fig. 18 - Gate charge test circuit 
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IRF9630, IRF9631 
IRF9632, IRF9633 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -5.5A and -6.5A, -150V and -200V 

• rDS(ON) = O.sn and 1.2n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


Description 

The IRF9630, IRF9631, IRF9632 and IRF9633 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 


Drain-Source Voltage (1). Vq 3 

Drain-Gate Voltage (Rqs = 20kri) (1 ).Vdqr 

Continuous Drain Current 

Tc = 250C. Id 

Tc = 100OC. Id 

Pulsed Drain Current (3). Idm 

Gate-Source Voltage . Vqs 

Maximum Power Dissipation. Pd 

(See Figure 14) 

Linear Derating Factor. 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4).E^s 

Operating and Storage Junction.TJ,TSTG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 


IRF9630 

IRF9631 

iRF9632 

IRF9633 

UNITS 

-200 

-150 

-200 

-150 

V 

-200 

-150 

-200 

-150 

V 

-6.5 

-6.5 

-5.5 

-5.5 

A 

-4.0 

-4.0 

-3.5 

-3.5 

A 

-26 

-26 

-22 

-22 

A 

±20 

±20 

±20 

±20 

V 

75 

75 

75 

75 

W 

0.6 

0.6 

0.6 

0.6 

W/OC 

500 

500 

500 

500 

mJ 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

OC 

300 

300 

300 

300 

OC 


NOTES; 

1. Tj = +25OC to +150OC 

2. Pulse Test: Pulse width < 300|iS,Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by maxi junction temperature. See 
Transient Thermal Impedance Curve (Figure S) 


4. Vdd = 50V, Start Tj = +250C, L = 17.55mH, Rq = 250, Peak II = 6.5A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2224 
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Specifications IRF9630, !RF9631, IRF9632, IRF9633 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9630,IRF9632 


IRF9631,IRF9633 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9630,IRF9631 


IRF9632,IRF9633 


Static Drain-Source On-State 
Resistance (Note 2) 
iRF9630,IRF9631 


IRF9632,IRF9633 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdsS Vgs = 0V,Id = -250mA 


VdS = VgS. Id = -250}iA 


IGSS Vgs = -20V 


IGSS Vgs = 20V 


loss Vps = Max Rating, Vgs = OV _ 

VdS = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


•D(0N) VdS > ID(ON) X rDS(ON) Max, Vgs = OV 


'’DS(ON) Vgs = OV, Iq = -3.5A 


VdS > IptON) X rDS(ON) Max» b = 3.5A 


J Vgs = OV, Vds = "•25V, f = 1 .OMHz 
1 See Figure 10 



Vdd =0.5 BVdSS. ‘D = -6.5A, Rq =* 50n 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = “1 OV, Id = -C.SA, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



Measured from the 
drain lead, 6mm 
(0.25”) from pkg.to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25”) from pkg. to 
source bonding pad. 


Mounting surface flat, smooth and greased 


Typical socket mount 



1.67 I OC/W 


OC/W 


80 I oC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET ^^ 

symbol showing the 

integral reverse / . \...n .. , 

P-N junc. rectifier. G f | p 

1 

- 

- 

-6.5 

A 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

■ 

■ 

-26 

■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -e-SA, Vgs = ov 

- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +1 50OC, Ip = -6.5A, dlp/dt = 1 0OA/ps 

- 

400 


ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -6.5A, dlp/dt = 10OA/ps 

-- 

2.6 

- 

fiC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lq- 




"" 


NOTES; 1. Tj = +250C to +150*^C 3. Repetitive Rating: Pulse \width limited by max. 4. Vdq = 50V, Start Tj = +25^C, L = 17.75mH, 

2. Pulse Test: Pulse width < 300ms, junction temperature. See Transient Thermal Rq = 250, Peak II = 6.5A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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IRF9630, /RF9631, IRF9632, IRF9633 



Vos- DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43308 



Vqs- GATE-TO-SOURCE voltage (VOLTS) 

92CS-43309 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 



92CS-43310 



- 1.0 -10 -100 -1000 
Vqs. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92GS'44026 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, junction- 
tO‘Case vs. pulse duration. 
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IRF9630. IRF9631, IRF9632, IRF9633 


7.00 

S) 

z 

Ul 
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Ul 

w 

UJ 

u 

z 4.20 

O 

3 

O 

O 2-80 
U 
(0 
z 
< 
flC 

1.40 

s 

80 pS PULSE TEST 

^DS ^ *D(on) X RDS(on) max. 
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Tj = 125X 
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0 -3 -6 -9 -12 “15 


Id. drain current (amperes) 

92CS-43312 

Fig. 6 - Typical transconductance vs. drain current. 



Fig. 8 - Breakdown voltage vs. temperature. 



VSD. SOURCE-TO-DRAIN voltage (VOLTS) 

92CS-43270 

Fig. 1 - Typical source-drain diode forward voltage. 
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UJ 
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Vgs = -iov 

In = -2.6 a 
























-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 


92CS-43313 

Fig. 9 - Normalized on-resIstance vs. temperature. 



Vos. DRAIN-TO SOURCE VOLTAGE (VOLTS) 

92CS-43314 



Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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Features 

• -9A and -11 A, -150V and -200V 

• ^DS{0N) = O.sn and 0.7n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRF9640, IRF9641, IRF9642 and IRF9643 are advanced 
power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy In the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRF types are supplied in the JEDEC TO-220AB plastic 
package. 


Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 


IRF9640f IRF9641 
IRF9642, IRF9643 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 

TO-220AB 
TOP VIEW 


DRAIN '- 

...Qoi lor'P 

(FLANGE) ^ =CZ 

DRAIN 

Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 




6 

s 



Drain-Source Voltage (1). 

.Vds 

iRF9640 

-200 

IRF9641 

-150 

IRF9642 

-200 

IRF9643 

-150 

UNITS 

V 

Drain-Gate Voltage (RqS = 20kri) (1). 

.Vdgr 

-200 

-150 

-200 

-150 

V 

Continuous Drain Current 

Tc = 250C. 

.Id 

-11 

-11 

-9 

-9 

A 

Tc = 100OC. 

.Id 

-7 

-7 

-6 

-6 

A 

Pulsed Drain Current (3). 

.Idm 

-44 

-44 

-36 

-36 

A 

Gate-Source Voltage. 

.Vgs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

125 

125 

125 

125 

W 

(See Figure 14) 

Linear Derating Factor. 


1 

1 

1 

1 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 


790 

790 

790 

790 

mJ 

Operating and Storage Junction. 

.... TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150^0 

2. Pulse Test; Pulse width < 300|iS,Duty Cycle < 2% 

3. Repetitive Ratin^H Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +250C, L = 9.8mH, Rq = 250. Peak II = 11A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications IRF9640, IRFB641, IRF9642, IRF9643 
Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRF9640,IRF9642 


IRF9641,IRF9643 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRF9640,IRF9641 


IRF9642, IRF9643 


Static Drain-Source On-State 
Resistance (Note 2) 
IRF9640,IRF9641 


IRF9642,IRF9643 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 



TEST CONDITIONS 


BVdSS Vgs = 0V,Id = “250jiA 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


VdS = Vqs. Id = - 250 mA 


'GSS Vgs = “20V 


IQSS Vgs = 20V 


loss Vps = Max Rating, Vgs = OV _ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


ID(ON) Vds > ID(ON) x rDS(ON) Max, Vgs = -1 OV 


rDS(ON) I Vgs = “10V,Id = -6A 


Vds > Id(ON) x tdSION) Max. ‘D = 


Vgs = OV, Vds = -25v, f =1 .omhz 

See Figure 10 


I Vdd =0.5 BVdSS. Id = -11 A, Rq = 9-1« 
See Figure 17. (MOSFET switching times 
are essentially Independent of operating 
temperature.) 


Vgs = “1 OV, Id = -11 a, Vds = 0.8 Max 
I Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
contact screw on tab 
to center of die. 


Measured from the 
drain lead, 6mm 
(0.25”) from pkg.to 
center of die. 


Measured from the 
source lead, 6mm 
(0.25") from pkg. to 
source bonding pad. 


Mounting surface flat, smooth and greased 


Typical socket mount 





Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 


Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-Njunc. rectifier. G 


Tc = + 250 C, Is = “11 A, Vgs = OV 


Tj = +150OC, Ip = -11 A, dlp/dt = 10OA/ps 


Tj = +150OC, Ip = -11 A, dlp/dt = 10OA/ps 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


Vdd = 50V. Start Tj = +250C, L = 9.8mH, 
Rq = 250, Peak II = 11A (See Figures 15 
and 16) 
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Iq. drain current (AMPERES) 










































BVqss. drain to source breakdown voltage 

C, CAPACITANCE (pF) ^ (NORMALIZED) g,j, TRANSCONOUCTANCE (SIEMENS) 


IRF9640, /RF9641, IRF9642, IRF9643 



|0, DRAIN CURRENT (AMPERES) 

6 - Typical transconductance vs. drain current. 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown voltage vs. temperature. 



Vqs. drain TO source VOLTAGE (VOLTS) 

Fig. 10 - Typical capacitance vs. drain-to-source voltage. 



NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44170 

Fig. 7 - Typical source-drain diode forward voltage. 



-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (“O 

Fig. 9 - Normalized on-resistance vs. temperature. 



0 20 40 60 80 


Q,, TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 




















Pq, power dissipation (WATTS) RDS(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


IRF9640, IRF9641. IRF9642, IRF9643 



0 -10 -20 -30 -40 -50 -60 -70 


Iq. drain current (AMPERES) 




9 





9 

9 







1F9640.964 

K 

1 





9 

Si 

9 




9 

9 

9 






H 


0 50 100 150 

Tc. CASE temperature (“O 


Fig. 12 - Typical on-resistance vs. drain current. 


Fig. 13 - Maximum drain current vs. case temperature. 



0 50 100 150 


Tc, CASE TEMPERATURE (°C) 

Fig. 14 - Power vs. temperature derating curve. 


vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 




VARY tp TO OBTAIN 
REQUIRED PEAK l|. 


CURRENT "''os 



RESISTOR RESISTOR 


92CS-43280 


92CS-432ai 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit 












^ HARRIS 

IRFD9110 


IRFD9113 


Avalanche Energy Rated 

January 1994 

P-Channel Power MOSFETs 


Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 

IRFD9110 

IRFD9113 

UNITS 

Drain-Source Voltage (1). 

.VdS 

-100 

-80 

V 

Drain-Gate Voltage (Rqs = SOkfl) (1). 

.VdgR 

-100 

-80 

V 

Continuous Drain Current 

Tc = 250C. 

...Id 

-0.7 

-0.6 

A 

Pulsed Drain Current. 

.Idm 

-3.0 

-2.5 

A 

Gate-Source Voltage. 

.Vgs 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

1.0 

1.0 

w 

(See Figure 13) 

Linear Derating Factor. 


0.008 

0.008 

W/OC 

(See Figure 13) 

Single Pulse Avalanche Energy Rating (3). 

.^as 

190 

190 

mj 

Operating and Storage Junction. 

.TJ,TSTG 

-55 to +150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = 250c to 1500c 

2. Pulse Test: Pulse width < 300|js, Duty Cycle ^2% 

3. Vdd = 25V, start Tj = +250C, L 
(See Figures 14 and 15) 

= 582mh, Rq = 

250, Peak II = 0.7A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjlg |sjurnber 221 5-1 

Copyright © Harris Corporation 1994 


Package 


4-PIN DUAL-IN-LINE 
TOP VIEW 



Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Features 

• -0.6A and -0.7A, -80V and -100V 

• rDS(ON) = and i.QCl 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFD9110 and IRFD9113 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 
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Specifications IRFDB110, IRFDB113 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRFD9110 

BVdsS 

VqS = OV, Id = *-250fiA 

-100 

_ 

_ 

V 

IRFD9113 

-80 

- 

- 

V 

Gate Threshold Voltage 


VdS = VgS. Id = “250mA 

-2.0 

- 

-4.0 

V 

Gate-Source Leakage Forward 

•gss 

Vgs = “20V 

- 

- 

-500 

IIIIIIQQIIIIIIIII 

Gate-Source Leakage Reverse 

‘GSS 

Vgs = 20V 

- 

- 

500 

nA 1 

Zero Gate Voltage Drain Current 

•dss 

Vds = Rating, Vgs = OV 

- 

- 

-250 


Vds - Rating x 0.8, Vgs ” OV, 

Tc = +1250C 

- 

_ 

-1000 

pA 

On-State Drain Current (Note 2) 
IRFD9110 

iD(ON) 

Vds > ID(ON) X rDS(ON) Max, Vgs = -1 OV 

-0.7 

_ 


m 

IRFD9113 

-0.6 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 

IRFD9110 

'■DS(ON) 

Vgs = ~10V,Id = -0.3A 

■ 

1.0 

1.2 

a 

IRFD9113 

run 

1.2 

1.6 

n 

Forward Transconductance (Note 2) 

Qfs 

Vds < 50V, Id = -o.6a 



- 


Input Capacitance 

C|SS 

Vgs = OV, Vds = ’25v, f = i .omhz 

See Figure 9 

- 

180 

- 

PF 

Output Capacitance 

COSS 

- 

85 

- 

PF 

Reverse Transfer Capacitance 

crss 

- 

30 

- 

pF 

Turn-On Delay Time 

BSISSI 

Vdd =0.5, Id = 0.7A, Rg = 9.1 CL 

See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature.) 

- 

15 

30 

ns 

Rise Time 


- 

30 

60 

IQ^IIII 

Turn-Off Delay Time 


- 

20 

40 

ns 

Fall Time 

tf 

- 

20 

40 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = -1 OV, Id = -O.TA, Vds = 0.8 Max 
Rating. See Figure 17 for test circuit. 

” 

11 

15 

nC 

Gate-Source Charge 

Qgs 

(Gate charge is essentially independent of 
operating temperature.) 

- 

5.7 

- 

nC 

Gate-Drain (“Miller") Charge 

Qgd 

- 

5.3 

- 


Internal Drain inductance 

Ld 

Measured from the 
drain lead, 2.0mm 
(0.08") from header 
to center of die 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

■ 

4.0 

■ 

nH 

Internal Source Inductance 

LS 

Measured from the 
source lead, 2.0mm 
(0.08") from header 
to source bonding 
pad. 

1 

6.0 

1 

nH 

Junctlon-to-Ambient 

R0JA 

1 Typical socket mount 

rzz 

- 

1 120 

oc/w 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET 
symbol showing the 

SI 

- 

- 

-0.7 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse j . |.. 

P-N junc. rectifier. G ( | h-j ^ 

11 

- 

- 

-3.0 

mm 



i 




■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = ~0.7A, Vgs = OV 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = -0.7A, dlp/dt = 10OA/ps 

- 

120 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -0.7A, dlp/dt = 10OA/ps 

- 

6.0 

- 

pC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 


■ 

■ 

■ 


NOTES: 1. Tj = +250C to +150OC 3. = 25V, Start Tj = +250C, L = 582mH, Rq = 250, Peak II = 0.7A 

2. Pulse Test: Pulse width < 300ms. Duty Cycle < 2% Figures 14 and 15) 
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IRFD9110. IRFD9113 



92CS-43263 


-12.0 

S -9.6 
c 

Ul 

a. 

as 

< 

IT -7* 

z 

lU 

flC 

cc 

3 

o -4.8 
z 

< 

K 

Q 

_Q -2.4 
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80 

MSPU 

LSET 

EST 







Vd 

s> Id 

(on) * 

nDS(a 

n) MA 

X. 




















Tj 

= -55 









1 

Tj = 25 



2 

i 





Tj 

= 125 






I 










j 

1 








1 





p 

0 ^ 





O -2 -4 -6 -8 -10 

Vqs. GATE-TO-SOURCE voltage (VOLTS) 

92CS-43264 


Fig. 1 - Typical Output Characteristics Fig. 2 - Typical Transfer Characteristics 



Fig. 3 - Typical Saturation Characteristics 


Fig. 4 - Maximum Safe Operating Area 



Fig. 5 - Typical Transconductance Vs. Drain Current 



VsD. SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92CS-43269 

Fig. 6 - Typical Source-Drain Diode Forward Voltage 
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IRFD9110, IRFD9113 
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-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (X) 


92CS-43271 

Fig. 7 - Breakdown Voltage l^s. Temperature 



Vds- DRAIN-TO-SOURCE voltage (VOLTS) 


92CS-43273 

Fig. 9 - Typical Capacitance Vs. Drain-to-Source Voltage 


RDS(on). DRAIN-TO-SOURCE 

ON RESISTANCE (OHMS) 

lO U ^ Ul 
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2.0 1.0 0 -1.0 -2.0 -3.0 

Iq, drain current (AMPERES) 


92CS-43286 

Fig. 11 - Typical On-Resistance l/s. Drain Current 


RDS(on)< DRAIN-TO-SOURCE ON RESISTANCE 
(NORMALIZED) 
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-40 0 40 80 120 160 

Tj, JUNCTION TEMPERATURE (°C) 

92CS-43283 


Fig. 8 - Normalized On-Resistance Vs. Temperature 



Fig. 10 - Typical Gate Charge Vs. Gate-to-Source Voltage 



Fig. 12 - Maximum Drain Current Vs. Case Temperature 


5-98 














IRFD9110. mFD9113 



VdS 



F/gf. 14- Undamped Indudive Test Circuit 


Fig. 13 - Power \/s. Temperature Derating Curve 



Vgs = -iov 



Fig. 16 - Switching Time Test Circuit 



Fig. 15- Undamped Inductive Waveforms 



RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Gate Charge Test Circuit 
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Features 

• -1.0A and -0.8A, -BOV and -100V 

• fDS(ON) == 0-6^ and 0.80 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-D^sipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 


Package 


4-PlN DUAL-IN-LINE 
TOP VIEW 



Description 

The IRFD9120 and iRFD9123 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy In the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 


Terminai Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 

250C) Unless Otherwise Specified 






1RFD9120 

1RFD9123 

UNITS 

Drain-Source Voltage (1). 

...Vos 

-100 

-80 

V 

Drain-Gate Voltage (Rqs = 20kn) (1)_ 

...Vdgr 

-100 

-80 

V 

Continuous Drain Current 





Tc = 2SOC. 

.Id 

-1.0 

-0.8 

A 

Pulsed Drain Current (3). 


-8.0 

-6.4 

A 

Gate-Source Voltage .. 

.. Vqs 

±20 

±20 

V 

Maximum Power Dissipation. 

....Pd 

1.0 

1.0 

W 

(See Rgure13) 





Linear Derating Factor. 


0.008 

0.008 

W/oc 

(See Figure 13) 





^ngle Pulse Avsdanche Energy Rating (4). 


370 

370 

mJ 

Operating and Storage Junction. 

.TJ,TSTG 

-55 to+150 

“55 to+150 

OC 

Temperature Range 





Maximum Lead Temperature for Soldering 

.....Tl 

300 

300 

©C 


(0.063” (1 .6infn) from case for 1 0s) 

NOTES: 

1. Tj = +250C to +150OC 

2. Pulse Test: Pulse wkJto < 300]is, Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Voo =* 25V, Start Tj =» +250C. L = 555mH. Rq = 250, Peak 1|_ = 1 .OA 
(See Figures 14 and 15) 


CAUTION: These devices are sensitive to electrostotic disdharge. Prefer i.C. handling procedures should be flowed. 
Copyright ® Harris Corporation 1994 


File Number 2285.1 
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Specifications IRFD9120, /RFD9 723 

Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


SYMBOL TEST CONDITIONS 


VdS = Vqs. Id = -250pA 


Vgs = -20V 


VgS = 20V 


Vds = Max Rating, Vqs = OV 


Vds = Max Rating x 0.8, Vqs = OV, 
Tc = +12500 


Vds > ID(ON) X rDS(ON) Max, Vqs = "1OV 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 

bvdss 

IRFD9120 


IRFD9123 


Gate Threshold Voltage 

e^RuBH 

Gate-Source Leakage Forward 

•gss 

Gate-Source Leakage Reverse 

'GSS 

Zero Gate Voltage Drain Current 

'dss 

On-State Drain Current (Note 2) 

•D(0N) 

IRFD9120 

IRFD9123 


Static Drain-Source On-State 
Resistance (Note 2) 

'■DS(ON) 

IRFD9120 


IRFD9123 


Forward Transconductance (Note 2) 

Qfs 

Input Capacitance 

C|SS 

Output Capacitance 

Coss 

Reverse Transfer Capacitance 

CrsS 

Turn-On Delay Time 

BSfSSI 

Rise Time 

tr 

Turn-Off Delay Time 

Id(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

°g 

Gate-Source Charge 

Qqs 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 


Internal Source Inductance 



Vds<50V,Iq = -0.8A 


VqS = OV, Vds = -25V, f = 1 .OMHz 
See Figure 9 


Vdd =0.5, Id = 1 .OA, Rg = 9.1 fl 
See Figure 16. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


VgS = -1 OV, Id = -1 .OA, Vds = O.S Max 
Rating. See Figure 17 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
drain lead, 2.0mm 
(0.08”) from header 
to center of die 


Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 
pad. 




Junction-to-Ambient 


R0JA Typical socket mount 


120 OC/W 


Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. G 


Tc = +250C, Is = -1 .OA, Vgs = OV 


Tj = +150OC, Ip = -4.0A, dlp/dt = 100A/[is 


Tj = +150^0, Ip = -4.0A, dlp/dt = 10OA/jis 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld. 



NOTES: 1 . Tj = +250C to +150^0 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
impedance Curve (Figure 5) 


4. Vdd = 25V, Start Tj = +250C. L = 555mH, 
Rq = 250, Peak ![_ = 1.0A (See Figures 14 
and 15) 


5-101 


P-CHANNEL 
POWER MOSFETs 

























































































































































































P-CHANNEL 
POWER MOSFETs 



















IRFD9120, IRFD9123 


t.6 

1.4 

1.2 

1.0 

0.8 

0.6 

0.4 

0.2 

0 

0 20 40 60 SO 100 120 140 

Ta, ambient temperature (OC) 

Fig. 13 - Power v's. temperature derating curve. 



Vds 



Fig. 14 - Undamped inductive test circuit. 



Fig. 15 - Undamped inductive waveforms. 



CURRENT "Vds 



Fig. 16 - Switching time test circuit. 


Fig. 17 - Gate charge test circuit. 
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January 1994 


IRFD9220 

IRFD9223 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -0.45A and -0.6A, -150V and -200V 

• rps{0N) = l-Sn and 2ACL 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


4-PIN DUAL-IN-LINE 

TOP VIEW 



Description 

The IRFD9220 and IRFD9223 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The IRFD types are supplied in the 4-Pin dual-in-line plastic 
package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 


Drain-Source Voltage (1). Vqs 

Drain-Gate Voltage {Rqs = 20kfi) (1). Vqqr 

Continuous Drain Current 

Tc = 250C. Id 

Pulsed Drain Current (3).IpM 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation. Pd 

(See Figure 13) 

Linear Derating Factor. 

(See Figure 13) 

Single Pulse Avalanche Energy Rating (4). Egs 

Operating and Storage Junction.TJ, TSTG 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063” (1.6mm) from case for 10s) 


IRFD9220 IRFD9223 


290 

-55 to+150 


290 

-55 to+150 


1. Tj = + 25 OC to +150OC 

2. Pulse Test: Pulse width < 300us. Duty Cycle ^2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4 . Vdd = 25V, Start Tj = +250C, L = 1210mH, Rq = 25^, Peak II = 0.6A 
(See Figures 14 and 15) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFD9220, IRFD9223 


Electrical Characteristics Tq = + 250 C, Unless Otherwise Specified 






LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Drain-Source Breakdown Voltage 
IRFD9220 

BVdsS 

VgS = OV, lD = “250jiA 

-200 

m 

_ 

V 

IRFD9223 




-150 

- 

- 

V 

Gate Threshold Voltage 


VdS = VqS. b = -250 |jA 

-2.0 

- 

-4.0 

V 

Gate-Source Leakage Forward 

•gss 

Vgs = “20V 

- 

- 

-500 

nA 

Gate-Source Leakage Reverse 

•gss 

VgS = 20V 

- 

- 

500 

nA 

Zero Gate Voltage Drain Current 

•dss 

Vds = Max Rating, Vqs = OV 

- 

- 

-250 

pA 



Vds = Max Rating x 0.8, Vqs = OV, 

Tc = +1250C 

- 


-1000 

jiA 

On-State Drain Current (Note 2) 
IRFD9220 

Id(ON) 

Vds > >D{ON) X roSfON) Max, Vqs = “1 OV 

-0.6 



m 

IRFD9223 




-0.45 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 

IRFD9220 

'■DS(ON) 

Vgs = -10V,Id = -0.3A 

■ 


1.5 

n 

IRFD9223 




- 

1.5 

2.4 

a 

Forward Transconductance (Note 2) 

9fs 

Vds<50V,Iq = -0.3A 

0.6 

1.0 

- 


Input Capacitance 

C|SS 

Vgs = OV, Vds = -25V, f = 1 .OMHz 

- 

350 

- 

PF 

Output Capacitance 

coss 

See Figures 


- 

100 

- 

PF 

Reverse Transfer Capacitance 

CrSS 



- 

30 

- 

pF 

Turn-On Delay Time 

B95I8I 

Vdd =0.5, Id = 0.6A, Rq = 9.1 H 

- 

15 

40 

ns 

Rise Time 

tr 

See Figure 16. (MOSFET switching times 

- 

25 

50 

ns 

Turn-Off Delay Time 

td(OFF) 

temperature.) 


- 

80 

120 

ns 

Fall Time 

ff 



- 

50 

75 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = -1 OV, Id = -O.SA, VdS = 0.8 Max 
Rating. See Figure 17 for test circuit. 

- 

16 

22 

nC 

Gate-Source Charge 

Qgs 

(Gate charge is essentially independent of 
operating temperature.) 

- 

10 

- 

nC 

Gate-Drain (“Miller”) Charge 

Qgd 

- 

4 

- 

nC 

Internal Drain Inductance 

Ld 

Measured from the 
drain lead, 2.0mm 
(0.08") from header 
to center of die 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

■ 

4.0 

■ 

nH 

Internal Source Inductance 

Ls 

Measured from the 
source lead, 2.0mm 
(0.08”) from header 
to source bonding 
pad. 


1 

6.0 

1 

nH 

Junction-to-Ambient 

R0JA 

Typical socket mount 


- 

120 

OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

•s 

Modified MOSFET ^_J 

symbol showing the 

SI 

- 

- 

-0.6 

B 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

integral reverse / . 

P-N junc. rectifier. G l K-i p 

M 

■ 

■ 

-4.8 

B 



i 

■ 

■ 


■ 

Diode Forward Voltage (Note 2) 

VSD 

Tq = +250C, Is = -0.6A, Vgs = OV 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = -0.6A, dlp/dt = 10OA/ps 

- 

150 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -0.6A, dlp/dt = 10OA/ps 

- 

0.5 

- 

mC 

Forward Turn-on Time 

tON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

■ 

■ 

■ 

■ 


NOTES: 1. Tj = +250C to +150^0 3. Repetitive Rating: Pulse width limited by max. 4. Vpo = 25V, Start Tj = +250C, L = 1210mH, 

2. Pulse Test: Pulse width < 300jiS, junction temperature. See Transient Thermal Rq = 250, Peak l|_ = 0.6A (See Figures 14 

Duty Cycle < 2% Impedance Curve (Figure 5) and 15) 
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TRANSCONDUCTANCE (SIEMENS) Ig qRAIN CURRENT (AMPERES) 'D- DRAIN CURRENT (AMPERES) 


IRFD9220, IRFD9223 




Vos. DRAIN TO SOURCE VOLTAGE (VOLTS) 
Fig. 1 - Typical output characteristics. 


80 Ml PULSE TEST 

-VoS>'D(on)*- 

^OS(on)m8x. 

_I_I_■ 

Tj = -5 

i50C^ 





I 

Tj = 2 

_I 

\ 

50C 

I__ 





Tj= 125<>C^ 
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Vos, GATE TO SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 




! 9 B 


-1 -2 -3 -4 

Vos, ORAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 3 - Typical saturation characteristics. 
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Vqs DRAIN-TO-SOURCE VOLTAGE (VOLTS) 

92GS-44203 

Fig. 4 - Maximum safe operating area. 
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lO. DRAIN CURRENT (AMPERES) 

Fig. 5 - Typical transconductance vs. drain current. 


NEGATIVE Vso, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44169 

Fig. 6 - Typical source-drain diode forward voltage. 
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Ros(on). ORAIN-TO-SOURCE ON RESISTANCE (OHMS) 


IRFD9220. IRFD9223 



Tj, JUNCTION TEMPERATURE (OC) 

Fig. 7 - Breakdown voltage vs. temperature. 



Tj, JUNCTION TEMPERATURE (“C) 

Fig. 8 - Normalized on-resistance vs. temperature. 



Vqs, drain TO source VOLTAGE (VOLTS) 



0 4 8 12 )6 20 

Qg, TOTAL GATE CHARGE (nC) 


Fig. 9 - Typical capacitance vs. drain-to-source voltage. 


Fig. 10 - Typical gate charge vs. gate-to-source voltage. 



Iq. drain CURRENT (AMPERES) 



25 50 75 100 125 150 

Ta, ambient TEMPERATURE (“O 


Fig. 11 - Typical on-resistance vs. drain current. 


Fig. 12 - Maximum drain current vs. case temperature. 
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Pq. power dissipation (WATTS) 


IRFD9220, IRFD9223 



0 25 50 75 100 125 150 


Ta. ambient temperature (OC) 

Fig. 13 - Power vs. temperature derating curve. 





vary tp TO obtain 

REQUIRED PEAK II 





92CS 43280 


92CS-43281 


Fig. 16 - Switching time test circuit. 


Fig. 17 - Gate charge test circuit. 
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CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
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Specifications /RFF9 720, IRFF9 721, IRFF9122, IRFF9123 

Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF9120,IRFF9122 


IRFF9121,IRFF9123 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF9120,IRFF9121 


IRFF9122,IRFF9123 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9120,IRFF9121 


IRFF9122,IRFF9123 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain ("Miller") Charge 


Internal Drain Inductance 


Internal Source Inductance 


SYMBOL 


BVpsS 



TEST CONDITIONS 


VqS = OV. Ip = -250fiA 


VdS = Vgs» b = -250fiA 


Vgs = -20V 


Vgs = 20V 


Vps = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Tc = +1250C 


VdS > ID(ON) X rps(ON) Max, Vgs = 


''DS(ON) Vgs = -10V,Ip = -2A 


VdS > «D(ON) X rps(ON) Max. <D = -2A 


Vgs = OV, Vps = -25V, f = 1 .OMHz 
See Figure 10 


Vpp =0.5 BVpss. Id = -4A, Rg = 9.10 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = “1 OV, Ip = -4A, Vps = 0.8 Max 
Rating. See Figure 18 W test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 



Junction-to-Case 


Junction-to-Ambient 


Measured from the 
drain lead, 5mm 
(0.2”) from header 
to center of die. 


Measured from the 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 


RqjA I Typical socket mount 



Modified MOSFET 
symbol showing the 
internal device 
inductances. 

„ 9D 




Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

^ON 


Tc = +250C, Is = -4A, Vgs = OV_ 


Tj = +1SQOC, If = 4A, dlp/dt = 10PA/^s 
Tj = +150OC, Ip = -4A, dlp/dt = 10OA/^s 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 



-16 

A 

-1.5 

V 




NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < SOOjis, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 25V. Start Tj = +250C, L = 34.7mH, 
Rq = 250, Peak II = 4A (See Figures 15 
and 16) 
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ZthJc(t)/RthJC< normalized effective transient 

THERMAL IMPEDANCE (PER UNIT) 


IRFF9120, /RFF9121, /RFF9122, /RFF9123 



0 -10 -20 -30 -40 -50 

Vos- DRAIN TO SOURCE VOLTAGE (VOLTS) 

Fig. 1 - Typical output characteristics. 




Fig. 4 - Maximum safe operating area. 


2 

1.0 

o.s 

0.2 

0.1 
0.05 

0.02 
0.01 

10-5 2 5 10-4 2 5 io-3 2 5 io-2 2 5 iq-I 2 5 io 2 5 lo 

ti, SDUARE WAVE PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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C CAPACITANCE (pF) BVqss. DRAIN-TO-SOURCE BREAKDOWN VOLTAGE 

(NORMALIZED) 9f,. TRANSCONDUCTANCE (SIEMENS) 


IRFF9120, 1RFF9121,1RFF9122, IRFF9123 



T 


r 

1 1 1 

VDS ><0(on)x B 

OS(on) nux. 



80 »< PULSE TEST 

1 _^^^_ 



1 



lO, DRAIN CURRENT (AMPERES) 

g. 6 - Typical transconductance vs. drain current. 


NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

92GS-44168 

Fig. 7 - Typical source-drain diode forward voltage. 


Tj, JUNCTION TEMPERATURE (OC) 

Fig. 8 - Breakdown voltage vs. temperature. 


Tj, JUNCTION TEMPERATURE (oC) 

Fig. 9 - Normalized on-resistance vs. temperature. 



Ci„ = Cgs + Cgd.Cds SHORTED j 
.Crss=Cgd 

1 

GS = 0 _ 




CgsCgd ’ 

- LdS+ Cg,+ Cgd _ 

= 1 MH 

z 




L SS Cds + Cgd 






_ 






Vds, drain to source voltage (VOLTS) 

Fig. 10- Typical capacitance vs. drain-to-source voltage. 


Qg. TOTAL GATE CHARGE (nC) 

Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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QS(on). DRAIN TO SOURCE ON RESISTANCE (OHMS) 


IRFF9120, IRFF9121, IRFF9122. IRFF9123 



0 5 10 15 20 25 


Iq. DRAIN CURRENT (AMPERES) 



26 50 75 100 125 150 

Tc, CASE TEMPERATURE (“O 


Fig. 12- Typical on-resistance vs. drain current. 


Fig. 13 - Maximum drain current vs. case temperature. 



0 20 40 60 80 100 120 140 

Tc. CASE TEMPERATURE (OC) 

Fig. 14 - Power vs. temperature derating curve. 


Vos 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16- Undamped inductive waveforms. 



CURRENT "Vds 



92CS-43280 


92CS-43281 


Fig. 17 - Switching time test circuit. 


Fig. 18 - Gate charge test circuit. 
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IRFF9130j IRFF9131 
mFF9132, IRFF9133 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -5.5A and -6.5A, -80V and -100V 

• rDS(ON) = O.SOn and 0.40n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFF9130, IRFF9131, IRFF9132 and IRFF9133 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Package 


TO-205AF 
BOTTOM VIEW 


SOURCE 


GATE 



DRAIN 

(CASE) 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 


Drain-Source Voltage (1). Vq 3 

Drain-Gate Voltage (Rqs = 20kn) (1). Vdgr 

Continuous Drain Current 

Tc = 250C. 

Pulsed Drain Current (3). IqM 

Gate-Source Voltage. Vqs 

Maximum Power Dissipation.Pp 

(See Figure 14) 

Linear Derating Factor.. 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4).. 

Operating and Storage Junction. Tj,Tstg 

Temperature Range 

Maximum Lead Temperature for Soldering. Tl 

(0.063" (1.6mm) from case for 10s) 

NOTES; 

1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < SOOjiS, Duty Cycle <2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 



IRFF9130 

IRFF9131 

IRFF9132 

IRFF9133 

UNITS 

.. Vps 

-100 

-80 

-100 

-80 

V 

■ Vdgr 

-100 

-80 

-100 

-80 

V 

.... Id 

-6.5 

-6.5 

-5.5 

-5.5 

A 

■••'dm 

-26 

-26 

-22 

-22 

A 

■• vqs 

±20 

±20 

±20 

±20 

V 

....Pd 

25 

25 

25 

25 

W 


0.2 

0.2 

0.2 

0.2 

W/OC 

■ • • ^as 

500 

500 

500 

500 

mJ 

)»tstg 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

....Tl 

300 

300 

300 

300 

OC 


4. Vdd = 

25V, Start Tj = 

+250C, L = 17.75mH, Rq = 25n, Peak li_ = 6. 


(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications IRFF9130, IRFF9131, IRFF9132, IRFF9133 


Electrical Characteristics Jq = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRFF9130,IRFF9132 

BVdsS 

VGS = 0V,lD = -250jiA 

-100 


_ 

V 

IRFF9131,IRFF9133 

-80 

- 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VdS = VgS. lD = -250jiA 

-2.0 

- 

-4.0 

V 

Gate-Source Leakage Forward 

■gss 

Vgs = -20V 

- 

- 

-100 

nA 

Gate-Source Leakage Reverse 

igss 

Vgs = 20V 

- 

- 

100 

nA 

Zero Gate Voltage Drain Current 

•dss 

Vps = Max Rating, Vgs = OV 

- 

- 

-250 

jiA 

Vds = Max Rating x 0.8, Vgs == 

Tc = +1250C 

- 

- 

-1000 

jiA 

On-State Drain Current (Note 2) 
IRFF9130,IRFF9131 

Id(ON) 

Vds > •d(ON) X rDS(ON) Max, Vgs = OV 

-6.5 



m 

IRFF9132,IRFF9133 

||[^|| 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9130,IRFF9131 

'■DS(ON) 

VgS = -10V,Id = -3A 

■ 

0.25 



IRFF9132,IRFF9133 

- 

0.3 

0.4 

n 

Forward Transconductance (Note 2) 

gfs 

Vds > •d(ON) X i'dS(ON) Max* 'd = -3A 

WEsm 

3.5 

- 

S(U) 

Input Capacitance 

Ciss 

Vgs = ov, Vds = -25v, f=i .omhz 

See Figure 10 

- 

500 

- 

pF 

Output Capacitance 

Coss 

- 

300 

- 

PF 

Reverse Transfer Capacitance 

CrsS 

- 

100 

- 

pF 

Turn-On Delay Time 

BSSSI 

Vdd =0.5 BVdsS. Id = -6.5A, Rg = 9.10 

See Figure 17. (MOSFET switching times 

- 

30 

60 

ns 

Rise Time 

tr 

- 

70 

140 

ns 

Turn-Off Delay Time 

Id(OFF) 

temperature.) 


- 

70 

140 

ns 

Fall Time 

tf 


- 

70 

140 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Vgs = -1OV, Id = -6.5A, Vds = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 

- 

25 

45 

nC 

Gate-Source Charge 

Qgs 

- 

13 

- 

nC 

Gate-Drain (“Miller") Charge 

Qgd 

- 

12 

- 

nC 

Internal Drain Inductance 

L-D 

Measured from the 
drain lead, 5mm 
(0.2") from header 
to center of die. 

Modified MOSFET 
symbol showing the 
internal device 
inductances. 

■ 

5.0 

■ 

nH 

Internal Source Inductance 

LS 

Measured from the 
source lead, 5mm 
(0.2") from header to 
source bonding pad. 

1 

15 

1 

nH 

Junction-to-Case 

IKSIEfl 


- 

- 

5.0 

OC/W 

Junction-to-Ambient 

R0JA 

Typical socket mount 

- 

- 

175 

OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^ 

symbol showing the 
integral reverse / |— 

P-N junc. rectifier. G ( | ^ 

I 

■ 

- 

-6.5 

A 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 



-26 

A 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -6.5A, Vgs = OV 

- 

- 

-1.5 

V 

Reverse Recovery Time 

trr 

Tj = +150OC, Ip = -6.5A, dlp/dt = 10OA/ps 

- 

300 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -6.5A, dlp/dt = 100A/|iS 


1.8 

- 

jiC 

Forward Turn-on Time 

^ON 

Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Ld- 

— 

■ 

■ 

■ 


NOTES: 1. Tj = +250C to +^50^C 3. RepetKive Rating: Pulse width limited by max. 4. Vqd = 25V, Start Tj = +250C, L = 17.75mH, 

2. Pulse Test: Pulse width < 300|is, junction temperature. See Transient Thermal Rq = 250, Peak l|_ = 6.5A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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,, DRAIN CURRENT (AMPERES) I | Id. DRAIN CURRENT (AMPERES) 


IRFF9130, IRFF9131, IRFF9132, IRFF9133 



-10 -20 -30 -40 -50 

Vos. DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43297 


80 MS PULSE TEST 
“ Vqs > iD(on) X SDS(on) max. 

I I 

-Tj = 125 "Cs 

- 

Tj = 25“Cs. 

-h-t- 

_Tj =-55 


Vqs. GATE-TO-SOURCE voltage (VOLTS) 

92CS-43298 


Fig. 1 - Typical Output Characteristics 


Fig. 2 - Typical Transfer Characteristics 
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-1 -2 -3 -4 -5 

Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 

92CS-43299 


I OPERATION IN THIS 
4 AREA IS LIMITED 


Tc-28*C 
Tj« 180*C mtx. 
Bjg-8.0*C/W 
SINGLE PULSE 



Fig. 3 - Typical Saturation Characteristics 


Fig. 4 - Maximum Safe Operating Area 



ti, SQUARE WAVE PULSE DURATION (SECONDS) 


Fig. 5 - Maximum Effective Transient Thermal Impedance, 
Junction-to-Case Vs. Pulse Duration 
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IRFF9130. IRFF9131, 1RFF9132, IRFF9133 


RDS(on). DRAIN-TO-SOURCE ON 
RESISTANCE (OHMS) 

O O o o 
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Fig. 12 - Typical On-Resistance Vs. Drain Current 



92CS-43300 


Fig. 14 - Power \/s. Temperature Derating Curve 



Fig. 13 - Maximum Drain Current 1/s. Case Temperature 



Fig. 15 - Undamped Inductive Test Circuit 



Fig. 16 - Undamped Inductive Waveforms 




RESISTOR RESISTOR 


92CS-43314 


Fig. 17 - Switching Time Test Circuit 


Fig. 18 - Gate Charge Test Circuit 
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IRFF9220, IRFF9221 
IRFF9222, fRFF9223 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -2A and -2.5A, -150V and -200V 

• i^DS(ON) = 1.50n and 2.40n 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The IRFF9220, IRFF9221, IRFF9222 and IRFF9223 are 
advanced power MOSFETs designed, tested, and guaranteed 
to withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFF types are supplied in the JEDEC TO-205AF (Low 
Profile TO-39) metal package. 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings {Tq = 250C) Unless Otherwise Specified 


Continuous Drain Current 
Tc = 250C.. 


Maximum Power Dissipation . 
(See Figure 14) 

Linear Derating Factor. 

(See Figure 14) 


Temperature Range 
Maximum Lead Temperature for Solde 
(0.063" (1.6mm) from case for 10s) 


NOTES: 

1. Tj = +25OC to +1500C 

2. Pulse Test: Pulse width < 300|iS, Duty Cycle < 2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Cun/e (Figure 5) 



IRFF9220 

IRFF9221 

IRFF9222 

IRFF9223 

UNITS 

• Vds 

-200 

-150 

-200 

-150 

V 

VdGR 

-200 

-150 

-200 

-150 

V 

.... Id 

-2.5 

-2.5 

-2.0 

-2.0 

A 

■ ■••dm 

-10 

-10 

-8 

-8 

A 

■ ■ vqs 

±20 

±20 

±20 

±20 

V 

...Pd 

20 

20 

20 

20 

W 


0.16 

0.16 

0.16 

0.16 

W/OC 

.. • Eas 

290 

290 

290 

290 

mJ 

j»tstg 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

....Tl 

300 

300 

300 

300 

OC 


Vdd = 

50V, Start Tj = 

+25OC, L = 69.6mH, Rq = 25^, Peak II = 2. 


(See Figures 15 and 16) 




CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications !RFF9220, IRFFB221, iRFF9222. IRFF9223 

Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFF9220,IRFF9222 


IRFF9221,IRFF9223 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFF9220,IRFF9221 


IRFF9222,IRFF9223 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9220,IRFF9221 


IRFF9222,IRFF9223 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 



TEST CONDITIONS 


BVdsS Vgs = 0V,Id = -250pA 


VdS = Vqs. Id = -250pA 


Vgs = -20V 


Vgs = 20V 


VdS = Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = OV, 
Tc = +1250C 


VdS > Id(ON) X rDS(ON) Max, Vgs = -1OV 


rDS(ON) I VGS = -10V,lD = 1.i 


VdS > Id(ON) X rDS(ON) Max* 'd = 1 -SA 


Vgs = OV, VpS = -25V, f = 1 .OMHz 
See Figure 10 


VpD =0.5 BVdsS- Id = -2.5A, Rg = 9.1 Cl 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1 OV, Ip = -2.5Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


Measured from the 
drain lead, 5mm 
(0.2”) from header 

to center of die. _ 

Ls Measured from the 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. g 




Junction-to-Case 


Junction-to-Ambient 


RqjA Typical socket mount 



Source Drain Diode Ratings and Characteristics 



Continuous Source Current 
(Body Diode) 

•s 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 


Forward Turn-on Time 

fQN 


Modified MOSFET 
symbol showing the 
Integral reverse 
P-N June, rectifier. G 


m 


■■ 


: +250C, Is = -2.5A, Vgs = OV 


Tj = +150OC, Ip = -2.5A, dip/dt = 100A/|JS 


Intrinsic turn-on time is negligible. Turn-on 
speed is substantially controlled by Ls + Lp. 


NOTES: 1. Tj = +250C to +150^0 

2. Pulse Test: Pulse width < 300)iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 



4. Vqd = 50V, Start Tj = +250C, L = 69.6mH, 
Rq = 250, Peak l|_ = 2.5A (See Figures 15 
and 16) 
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Pq, POWER DiSSIPATiON (WATTS) RoSlon)- DRAIN TX) SOURCE ON RESISTANCE (OHMS) 


/RFF9220, IRFF9221, IRFF9222, IRFF9223 



0 4 8 12 16 20 



1q, drain CURRENT (AMPERES) 


Tq, case TEMPERATURE (*>0 


■ig. 12 - Typical on-resistance vs. drain current. 


Fig. 13- Maximum drain current vs. case temperature. 



0 20 40 60 80 100 120 140 


Tc. CASE TEMPERATURE (OC) 

Fig. 14- Power vs. temperature derating curve. 


vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 



VARY tp TO OBTAIN 
REQUIRED PEAK l|. 


CURRENT -^DS 



RESISTOR RESISTOR 


Fig. 17 - Switching time test circuit. 


92CS-43280 


Fig. 18- Gate charge test circuit. 


92CS-43281 









CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. |sjyrnber 2225 

Copyright © Harris Corporation 1991 
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Specifications IRFF9230, IRFF923 /, /RFF9232, !RFF9233 


Electrical Characteristics Tc = + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 
IRFF9230,IRFF9232 

BVdSS 

VGS = 0V,lD = -250jiA 

-200 

_ 

_ 

V 

IRFF9231,iRFF9233 

-150 

- 

- 

V 

Gate Threshold Voltage 

VgS(TH) 

VdS = VgS. Id = -250mA 

-2.0 

- 

-4.0 

V 

Gate-Source Leakage Forward 

•gss 

VgS = “20V 

- 

- 

-100 

nA 

Gate-Source Leakage Reverse 

«GSS 

Vgs = 20V 

- 

- 

100 

nA 

Zero Gate Voltage Drain Current 

!dSS 

VdS = Max Rating, Vqs = OV 

- 

- 

-250 

jiA 

Vds = Max Rating x 0.8, Vqs = OV, 

Tc = +1250C 

- 

- 

-1000 

jiA 

On-State Drain Current (Note 2) 
IRFF9230, IRFF9231 

Id(ON) 

Vds > ID(ON) x rDS(ON) Max, Vqs = "1OV 

-4.0 

_ 

_ 

A 

IRFF9232,1RFF9233 

-3.5 

- 

- 

A 

Static Drain-Source On-State 
Resistance (Note 2) 
IRFF9230,IRFF9231 

i'DS(ON) 

Vgs = -10V,Id = -2.0A 

■ 

0.5 

0.8 


IRFF9232, IRFF9233 

- 

0.8 

1.2 

CL 

Forward Transconductance (Note 2) 

9ts 

Vds > 'D(ON) X roStON) Max. ‘d = -2-OA 

2.2 

3.5 

- 

S(U) 

Input Capacitance 

C|SS 

VgS = OV, Vds = -25V, f = 1 .OMHz 

See Figure 10 

- 

550 

- 

PF 

Output Capacitance 

Coss 

- 

170 

- 

PF 

Reverse Transfer Capacitance 

CrSS 

- 

50 

- 

pF 

Turn-On Delay Time 

KBH8BBB 

VdD =0.5 BVdsS. Id = -4.0A, Rq = 9.1 fi 

See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 

- 

30 

50 

ns 

Rise Time 

tr 

- 

50 

100 

ns 

Turn-Off Delay Time 

td(OFF) 

- 

50 

100 

ns 

Fall Time 

tf 

- 

40 

80 

ns 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

VgS = -lOV, Id = -•4.0VDS = 0.8 Max 

Rating. See Figure 18 for test circuit. 

(Gate charge is essentially independent of 
operating temperature.) 


31 

45 

nC 

Gate-Source Charge 

Qgs 

- 

18 

- 

nC 

Gate-Drain (“Miller”) Charge 

Qgd 

- 

13 

- 

IIIJQII 

Internal Drain Inductance 

ld 

Measured from the 
drain lead, 5mm 
(0.2”) from header 
to center of die. 


■ 

5.0 

■ 

nH 

Internal Source Inductance 

LS 

Measured from the 
source lead, 5mm 
(0.2”) from header to 
source bonding pad. 

1 

15 

1 

nH 

Junction-to-Case 

IHUH 


msm 

- 

5.0 

OC/W 

Junction-to-Ambient 

R0JA 

1 Typical socket mount 


- 

175 

OC/W 


Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET ^_^ 

symbol showing the 

SI 

- 

- 

-4.0 

H 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / \ . 

P-N June, rectifier. G j ^2 


■ 

■1 

-16 

■ 


vL. 

i 

■ 

■ 


■ 

Diode Forward Voltage (Note 2) 

VSD 

Tc = +250C, Is = -4.0A, Vqs = OV 


- 

- 

-1.5 

V 

Reverse Recovery Time 

trr__... 

Tj = +150OC, Ip = -4.0A, dlp/dt = 10OA/juis 

- 

400 

- 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +150OC, Ip = -4.0A, dlp/dt = 10OA/fis 

- 

2.6 

- 

nc 

Forward Turn-on Time 

<ON 

Intrinsic turn-on time is negiigible. Turn-on 
speed is substantially controlled by Ls + Ld- 

■ 

■ 

■ 

■ 


NOTES: 1. Tj = +250C to +1500C 3. Repetitive Rating: Pulse width limited by max. 4. Vpo - 50V, Start Tj = +250C, L = 46.9mH, 

2. Pulse Test: Pulse width < 300fis, junction temperature. See Transient Thermal Rq = 250, Peak II = 4.0A (See Figures 15 

Duty Cycle < 2% Impedance Curve (Figure 5) and 16) 
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, DRAIN CURRENT (AMPERES) ] | Id-DRAIN CURRENT (AMPERES) 


IRFF9230, IRFF9231, IRFF9232, /RFF9233 



Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 



0 -2 -4 -6 -8 -10 

Vds. DRAIN-TO-SOURCE voltage (VOLTS) 


92CS-43310 


5 



2 468 2 468 2 468 


- 1.0 -10 -100 -1000 
Vqs. DRAIN-TO-SOURCE voltage (VOLTS) 


Fig. 3 - Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 



, SQUARE WAVE PULSE DURATION (SECONDS) 


92CM-43292 

Fig. 5 - Maximum effective transient thermal impedance, junction- 
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92CS-43312 


Fig. 6 - Typical transconductance vs. drain current. 



Fig. 8 - Breakdown voltage vs. temperature. 



400 




















IRFF9230, IRFF9231, IRFF9232. IRFF9233 


RDS(on). DRAIN-TO-SOURCE 

ON RESISTANCE (OHMS) 

9 9 r* 

4 k bo M b o 

RDS(on) measured WITH CURRENT PULSE OF 2.0 pS 
DURATION. INITIAL Tj = 25 X. (HEATING —i 

EFFECT OF 2.0 pS PULSE IS MINIMAL) / 
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0 -5 -10 -15 -20 -25 

Id, drain current (amperes) 


92CS-43316 


Fig. 12 - Typical on-resistance vs. drain current. 
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Tc, CASE TEMPERATURE (“C) 


92CS-43300 


Fig. 14 - Power vs. temperature derating curve. 



Fig. 13 - Maximum drain current vs. case temperature. 


VdS 



Fig. 15 - Undamped inductive test circuit. 



s 

\ 

/ 

/ 

/ 

/ . 


I 

■/\ 

/ 

/ 

\ 

VVoD 


Ip 

1 bvdss 

92CS-43279 


Fig. 16- Undamped inductive waveforms. 




Fig. 17 - Switching time test circuit. 


Fig. 18- Gate charge test circuit. 
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Features 

• -19A and -16A, -80V and -100V 

• rDS(ON) == 0.20n and O.SOfl 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 


Description 

The IRFP9140, IRFP9141, IRFP9142 and IRFP9143 are ad¬ 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy in the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Absolute Maximum Ratings {Tq = +250C), Unless Otherwise Specified 


IRFP9140/P9141 

IRFP9142/P9143 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Package 

TO-247 

TOP VIEW 


DRAIN LJ 

ZI=> SOURCE 

(TAB) 

O ^ 

DRAIN 

IZI>GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 

D 




6 

S 



Drain-Source Voltage (1). 

.Vds 

IRFP9140 

-100 

IRFP9141 

-80 

IRFP9142 

-100 

IRFP9143 

-80 

UNITS 

V 

Drain-Gate Voltage (RqS “ 20kD) (1). 

.Vdgr 

-100 

-80 

-100 

-80 

V 

Continuous Drain Current 

Tc = 250C. 

.Id 

-19 

-19 

-16 

-16 

A 

Tq = 100OC . 

.Id 

-12 

-12 

-10 

-10 

A 

Pulsed Drain Current (3). 

. Idm 

-76 

-76 

-64 

-64 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

. Pd 

150 

150 

150 

150 

W 

(See Figure 14) 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 


960 

960 

960 

960 

mJ 

Operating and Storage Junction. 

_TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to +150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +25OC to +150OC 

2. Pulse Test: Pulse width < 300)iS, Duty Cycle <2% 

3. Repetitive Rating: Pulse width limited by max. junction temperature. See 
Transient Thermal Impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +250C, L = 4.2mHji, Rq = 250, Peak II = 19A 
(See Figures 15 and 16) 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedur< 
Copyright © Harris Corporation 1994 


> should be followed. 
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Specifications iRFP9140, IRFP9141, IRFP9142, IRFP9143 

Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOL 

Drain-Source Breakdown Voltage 
IRFP9140, IRFP9142 

BVpss 

IRFP9141,IRFP9143 


Gate Threshold Voltage 

ES§38I 

Gate-Source Leakage Forward 

'gss 

Gate-Source Leakage Reverse 

'GSS 

Zero Gate Voltage Drain Current 

'dss 

On-State Drain Current (Note 2) 
IRFP9140, IRFP9141 

Id(on) 

IRFP9142, IRFP9143 


Static Drain-Source On-State 
Resistance (Note 2) 

IRFP9140, IRFP9141 

'■DS{ON) 

IRFP9142, IRFP9143 


Forward Transconductance (Note 2) 

9fs 

Input Capacitance 

C|SS 

Output Capacitance 

Goss 

Reverse Transfer Capacitance 

CrSS 

Turn-On Delay Time 

I5SSI 

Rise Time 

tr 

Turn-Off Delay Time 

fd(OFF) 

Fall Time 

tf 

Total Gate Charge 
(Gate-Source + Gate-Drain) 

Qg 

Gate-Source Charge 

Qgs 

Gate-Drain (“Miller”) Charge 

Qgd 

Internal Drain Inductance 

Ld 


TEST CONDITIONS 


VdS = VqS. Id = -250|jA 


VgS = 20V 


Vgs = -20V 


VdS = Max Rating, Vgs = OV 


Vps = Max Rating x 0.8, Vgs = 0^, 
Tj = +1250C 




Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 


Vds<-50V,Id = 


vgs = ov,vds = 

See Figure 10 


VpD = -50V, Ip = -19A, Rg = 9.1 H 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1OV, Ip = -19A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

{Gate charge is essentially independent of 
operating temperature.) 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 


R0CS Mounting surface flat, smooth and greased 


R0JA Free Air Operation 





Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N iunc. rectifier. 


Continuous Source Current 
(Body Diode) 

Is 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

Diode Forward Voltage (Nofe 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +250C, Is = -19A, Vgs = OV 


Tj = +250C, Ip = -18A, dlp/dt = 100A/|iS 


Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Lp 



NOTES: 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 50V, Start Tj = +250C, L = 4.2mHp, 
Rq = 250, Peak 1 l = 19A (See Figures 15 
and 16) 
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NEGATIVE Iq. DRAIN CURRENT (AMPERES) NEGATIVE Iq. DRAIN CURRENT (AMPERES) 


IRFP9140. IRFP9141, IRFP9142, /RFP9143 



Fig. 1 - Typical output characteristics. 



NEGATIVE Vqc GATF-TO-SOURCE VOLTAGE (VOLTS) 

Fig. 2 - Typical transfer characteristics. 



NEGATIVE Vq5. DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 



Fig. 4 - Maximum safe operating area. 



t^. RECTANGULAR PULSE DURATION (SECONDS) 

Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case vs. pulse duration. 
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IRFP9140R, IRFP9141R, IRFP9142R, IRFP9143R 



NEGATIVE Ip. DRAIN CURRENT (AMPERES) 



NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 

q2GS-44167 


Fig. 6 - Typical transconductance vs. drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 




Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



Fig. 10 - Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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RQS(on)- dhain-to-source on resistance 


IRFP9140, IRFP9141, IRFP9142, IRFP9143 



NEGATIVE Iq. DRAIN CURRENT (AMPERES) 

Fig. 12 - Typical on-resistance vs. drain current. 



Ol _I _I_ I I _ I _ L 1 » _^_ I 

25 50 75 100 125 150 

Jq, case temperature ( °r' 

Fig. 13 - Maximum drain current vs. case temperature. 



Tc CASF TEMPERATURF <"C» 

Fig. 14 - Power vs. temperature derating curve. 


vds 



Fig. 15 - Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 



VARY tp TO OBTAIN 
REOUIRED PEAK II 


92CS-43280 


CURRENT “Vos 



RESISTOR RESISTOR 


92CS-43281 


Fig. 17 - Switching time test circuit. 


Fig. 16 - Gate charge test circuit. 
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IRFP9150 




Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -25A, -80V and -100V 

• •'DS{ON) = 0.1 son 

• Single Pulse Avalanche Energy Rated 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP9150 and IRFP9151 are advanced power MOSFETs 
designed, tested, and guaranteed to withstand a specified level 
of energy in the breakdown avalanche mode of operation. 
These are p-channel enhancement-mode silicon-gate power 
field-effect transistors designed for applications such as 
switching regulators, switching converters, motor drivers, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The P-channel IRFP9150 is an approximate electrical 
complement to the N-channel IRF150. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Package 


TO-247 

TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 






IRFP9150 

IRFP9151 

UNITS 

Drain-Source Voltage.. 

Continuous Drain Current 

.Vds 

-100 

-80 

V 

Tc = 250C. 

.Id 

-25 

-25 

A 

Tc = 100OC. 

.Id 

-18 

-18 

A 

Pulsed Drain Current... 

.Idm 

-100 

-100 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

V 

Maximum Power Dissipation.. 

.Pd 

150 

150 

W 

(See Figure 18) 

Linear Derating Factor... 


1.2 

1.2 

W/OC 

Single Pulse Avalanche Energy Rating (3). 


1300 

1300 

mJ 

(See Figure 14) 

Avalanche Current (Repetitive or Nonrepetitive). 

.Iar 

-25 

-25 

A 

Operating and Storage Junction. 

.Tj,TstG 

-55 to+150 

-55 to+150 

OC 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.. Tl 

300 

300 

OC 

(0.063” (1.6mm) from case for 10s) 





NOTES: 





1 . Pulse Test: Pulse width < 300)jis, Duty Cycle <2% 

3. Vdd = 25V, start Tj = +250C, L 

= 3.2mhy, Rq = 

25n, Peak II = 25A 

2. Repetitive Rating: Pulse width limited by max. junction temperature. See 

(See Figures 14 and 15) 



Transient Thermal Impedance Curve (Figure 5) 






CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 
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Specifications iRFPBISO, iRFP9151 


Electrical Characteristics Tq = +250C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP9150 


IRFP9151 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 1) 


Static Drain-Source On-State 
Resistance (Note 1) 


Forward Transconductance (Note 1) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller”) Charge 


Internal Drain Inductance 


Internal Source Inductance 


Junction-to-Case 


Case-to-Sink 


Junction-to-Ambient 



TEST CONDITIONS 


LIMITS 


MIN TYP 


BVdSS VGS = 0V,lD = -250fiA 


VdS = VgS» lD = -250pA 


•GSS Vgs = -20V 


«GSS Vgs = 20V 


loss Vps = Max Rating, Vgs - QV _ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tc = +1250C 


•D(0N) Vds > <D(ON) x roSION) Max. VgS = 10V 


rDS(ON) Vgs = “1 OV, Id = -1OA 


Vds = -10V,Id = -12.5A 


Vgs = OV, Vds = "25v, f = 1 .omhz 
See Figure 10 


VdD = -50V, Id = -25A, Rg = 6.80, 

Rd = 20. See Figures 16 and 17. 
(MOSFET switching times are essentially 
independent of operating temperature.) 


Vgs = -1 OV, Id = -25A, Vds = 0.8 Max 
Rating. See Figures 11 & 19 for test circuit. 
(Gate charge is essentially independent of 
operating temperature.) 


Measured between 
contact screw on 
header that is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 
(0.25”) from header & 
source bonding pad. 


R0CS Mounting surface flat, smooth and greased 


RQJA f^ree Air Operation 






Source Drain Diode Ratings and Characteristics 


Continuous Source Current 
(Body Diode) 

Is 

Modified MOSFET _J 

symbol showing the 

81 

- 

- 

-25 

m 

Pulse Source Current 
(Body Diode) (Note 3) 

Ism 

integral reverse / . |.. 

P-Njunc. rectifier. G j hq ^ 

M 

- 

- 

-100 

A 



i 





Diode Forward Voltage (Note 2) 

VSD 

Tj = +250C, Is = 25A, Vgs = OV 


- 

-0.9 

-1.5 

V 

Reverse Recovery Time 

^rr 

Tj = +250C, Ip = 25A, dlp/dt = 10OA/^is 

- 

150 

300 

ns 

Reverse Recovered Charge 

Qrr 

Tj = +250C, Ip = 25A, dlp/dt = 10OA/ps 

0.3 

0.7 

1.5 

pC 

Forward Turn-on Time 

fON 

Intrinsic turn-on time Is negligible. Turn-on 
speed Is substantially controlled by Ls + Ld- 

“ 



■ 


NOTES; 1. Pulse Test: Pulse width 300|iS, 2. Repetitive Rating: Pulse width limited by max. 3. Vqq = 25V, Start Tj = +25®C, L = 3.2mhy, 

Duty Cycle <2% junction temperature. See Transient Thermal Rq = 250, Peak II = 25A (See Figures 14 

Impedance Curve (Figure 5) and 15) 
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IRFP9150, IRFP9151 


25clegC 125degC 



OUTIRF9150CF1 


Fig. 1 - Typical output characteristics. 



Fig. 2 - Typical transfer characteristics. 



DRAIN-TO-SOURCE VOLTAGE (V^g) — V 

92GS-44220 



Fig. 3- Typical saturation characteristics. 


Fig. 4 - Maximum safe operating area. 


i 



THIIRF9150CF1 


Fig. 5 - Maximum effective transient thermal impedance. 
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Fig. 6 - Typical transconductance vs. drain current. 



VSDIRF9150CF1 

Fig. 7 - Typical source-drain diode forward voltage. 


ld=250uA Vgs=10V ld=12.5A 




Fig. 8 - Normalized breakdown voltage vs. temperature. Fig. 9 - Normalized on-resistance vs. temperature. 


CISS COSS CRSS 




CAPIRF9150CF1 


Fig. 10- Typical capacitance vs. drain-to source voltage. 


Fig. 11 - Typical gate charge vs. gate-to source voltage. 

















IRFP9150, IRFP9151 


Vgs=-10V Vgs=-20V 



Fig. 12- Typical on-resistance vs. drain current. 

L 


VARY tp TO OBTAIN 
REQUIRED PEAK l^ 


r 



DUT 

^ l| -4-0 


Vos 


0.05 A 
—VW— 


^Vdd 

'n. 


UNCLAMPED INDUCTIVE TEST CIRCUIT 


Fig. 14- Undamped inductive test circuit. 



Fig. 13- Maximum drain current vs. case temperature. 



Fig. 15- Undamped inductive waveforms. 




Fig. 16- Switching time test circuit. 


Fig. 17 - Switching time waveforms. 
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P0WIRF9150CF2 


Fig. 18 - Power vs. temperature derating curve. 


Fig. 19 - Gate charge test circuit. 
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IRFP9240/P9241 

IRFP9242/P9243 

Avalanche Energy Rated 
P-Channel Power MOSFETs 


Features 

• -lOAand -12A, -200V and -150V 

• •"DS{ON) = 0.50n and 0.7n 

• Single Pulse Avalanche Energy Rated 

• SOA is Povyer-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The IRFP9240, IRFP9241, IRFP9242 and IRFP9243 are ad¬ 
vanced power MOSFETs designed, tested, and guaranteed to 
withstand a specified level of energy In the breakdown 
avalanche mode of operation. These are p-channel 
enhancement-mode silicon-gate power field-effect transistors 
designed for applications such as switching regulators, 
switching converters, motor drivers, relay drivers, and drivers 
for high-power bipolar switching transistors requiring high 
speed and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The IRFP types are supplied in the JEDEC TO-247 plastic 
package. 


Package 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 


o 


SOURCE 

DRAIN 

Z>GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage (1). 

.Vds 

iRFP9240 

-200 

IRFP9241 

-150 

IRFP9242 

-200 

IRFP9243 

-150 

UNITS 

V 

Drain-Gate Voltage (Rqs = 20kfl) (1). 

.vdgr 

-200 

-150 

-200 

-150 

V 

Continuous Drain Current 

Tc = 250C. 

. >0 

-12 

-12 

-10 

-10 

A 

Tc = 100OC. 

.Id 

-7.5 

-7.5 

-6.3 

-6.3 

A 

Pulsed Drain Current (3). 

.Idm 

-48 

-48 

-40 

-40 

A 

Gate-Source Voltage. 

.Vqs 

±20 

±20 

±20 

±20 

V 

Maximum Power Dissipation. 

.Pd 

150 

150 

150 

150 

W 

(See Figure 14) 

Linear Derating Factor. 


1.2 

1.2 

1.2 

1.2 

W/OC 

(See Figure 14) 

Single Pulse Avalanche Energy Rating (4). 


790 

790 

790 

790 

mj 

Operating and Storage Junction. 

.... TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to +150 

-55 to+150 

oc 

Temperature Range 

Maximum Lead Temperature for Soldering. 

.Tl 

300 

300 

300 

300 

OC 


(0.063” (1.6mm) from case for 10s) 

NOTES: 

1. Tj = +250C to +150^0 

2. Pulse Test: Pulse width < 300|ui$, Duty Cycle < 2% 

3. Repetitive Rating; Pulse width limited by max. junction temperature. See 
Transient Thermal impedance Curve (Figure 5) 


4. Vdd = 50V, Start Tj = +25^0, L = 8.2mH, Rq ■■ 
(See Figures 15 and 16) 


son, Peak II = 12A 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 
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Specifications IRFP9240. IRFP9241, IRFP9242, !RFP9243 


Electrical Characteristics Jq- + 250 C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 
IRFP9240, IRFP9242 


IRFP9241, IRFP9243 


Gate Threshold Voltage 


Gate-Source Leakage Forward 


Gate-Source Leakage Reverse 


Zero Gate Voltage Drain Current 


On-State Drain Current (Note 2) 
IRFP9240, IRFP9241 


IRFP9242, IRFP9243 


Static Drain-Source On-State 
Resistance (Note 2) 
IRFP9240, IRFP9241 


IRFP9242, IRFP9243 


Forward Transconductance (Note 2) 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-On Delay Time 


RiseTime 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 
(Gate-Source + Gate-Drain) 


Gate-Source Charge 


Gate-Drain (“Miller") Charge 


Internal Drain Inductance 


Internal Source Inductance 



TEST CONDITIONS 


LIMITS _ 

TYP I MAX UNITS 


BVdSS Vgs = 0V, Id = "-250mA 


VgS(TH) Vds = Vgs. Id = -250mA 


'GSS VGS = 2pV 


IGSS Vgs = -20V 


loss Vps == Max Rating, Vgs = OV _ 

Vds = Max Rating x 0.8, Vgs = OV, 

Tj = +1250C 


ID(ON) Vqs > •D(ON) X rDS(ON) Max, Vgs = ”1OV 


'’DS(ON) Vgs =-10V, Id = 




VdS<-50V,Id==-6.3A 


Vgs = OV, Vds = -25v, f = i .omhz 
S ee Figure 10 


Vdd = -1OOV, Id = “12A, Rg = 9.1 Cl 
See Figure 17. (MOSFET switching times 
are essentially independent of operating 
temperature.) 


Vgs = -1 OV, Id = -l 2A, Vps = 0.8 Max 
Rating. See Figure 18 for test circuit. 

(Gate charge is essentially Independent of 
operating temperature.) 


Measured between 
contact screw on 
header that Is closer 
to source & gate 
pins & center of die. 


Measured from the 
source pin, 6mm 
(0.25") from header & 
source bonding pad. 



Junction-to-Case 


Junctlon-to-Ambient 


R0CS 

Mounting surface flat, smooth and greased 

Roja 

Free Air Operation 



0.83 

oc/w 

- 

OC/W 

30 

oc/w 



Source Drain Diode Ratings and Characteristics 


Modified MOSFET 
symbol showing the 
integral reverse 
P-N junc. rectifier. 


Continuous Source Current 
(Body Diode) 

>S 

Pulse Source Current 
(Body Diode) (Note 3) 

•SM 

Diode Forward Voltage (Note 2) 

VSD 

Reverse Recovery Time 

trr 

Reverse Recovered Charge 

Qrr 

Forward Turn-on Time 

fON 


Tj = +250C, Is = -12A, Vgs = OV 


Tj = +250C, Ip = ~11 A, dlp/dt = 1 OOA/ms 


Intrinsic turn-on time is negligible. Turn-on 
speed Is substantially controlled by Ls + Lp 



NOTES; 1. Tj = +250C to +150OC 

2. Pulse Test: Pulse width < 300|iS, 
Duty Cycle < 2% 


3. Repetitive Rating: Pulse width limited by max. 
junction temperature. See Transient Thermal 
Impedance Curve (Figure 5) 


4. Vqd = 50V, Start Tj = +250C, L = 8.2mHti. 
Rq = 500, Peak II = 12A (See Figures 15 
and 16) 
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NEGATIVE 1q, DRAIN CURRENT (AMPERES) NEGATIVE Iq. DRAIN CURRENT (AMPERES) 


IRFP9240, IRFP9241. IRFP9242, IRFP9243 
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h— — 


^0 20 40 60 80 100 

NEGATIVE Vq 5 . DRAIN-TO-SOURCE VOLTAGE (VOLTS) 



NEGATIVE V 53 , GATE-TO-SOURCE VOLTAGE (VOLTS) 


Fig. 1 - Typical output characteristics. 


Fig. 2 - Typical transfer characteristics. 



NEGATIVE Vq 2 . DRAIN-TO-SOURCE VOLTAGE (VOLTS) 
Fig. 3 - Typical saturation characteristics. 



NEGATIVE Vqs, DRAIN-TO-SOURCE VOLTAGE (VOLTS) 


92QS-44197 

Fig. 4 - Maximum safe operating area. 



Fig. 5 - Maximum effective transient thermal impedance, 
junction-to-case i^s. pulse duration. 
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'q2S. drain-to-souhce breakdown voltage 

(NORMALIZED) 9fs> TRANSCONDUCTANCE (SIEMENS) 


IRFP9240, IRFP924h IRFP9242, IRFP9243 




-0.4 -0.6 -0.8 -1.0 -1.2 -1.4 -1.6 -1.8 

NEGATIVE VsD, SOURCE-TO-DRAIN VOLTAGE (VOLTS) 


92GS-44170 


Typical transconductance vs. drain current. 


Fig. 7 - Typical source-drain diode forward voltage. 



Fig. 8 - Breakdown voltage vs. temperature. 


Fig. 9 - Normalized on-resistance vs. temperature. 



NEGATIVE Vpg. DRAIN-TO-SOURCE VOLTAGE (VOLTS) Qg. TOTAL GATE CHARGE (nC) 

Fig. 10- Typical capacitance vs. drain-to-source voltage. Fig. 11 - Typical gate charge vs. gate-to-source voltage. 
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IRFP9240, IRFP9241, IRFP9242, IRFP9243 



Fig. 12- Typical on-resistance vs. drain current. 



50 75 100 125 150 

Tq, case temperature ( °C) 


Fig. 13- Maximum drain current vs. case temperature. 



50 100 150 

Tc. CASE TEMPERATURE (“O 


Fig. 14 - Power vs. temperature derating curve. 


Vds 



Fig. 15- Undamped inductive test circuit. 



Fig. 16 - Undamped inductive waveforms. 




RESISTOR RESISTOR 


9205-43280 


Fig. 17 - Switching time test circuit. 


Fig. 18- Gate charge test circuit. 


92CS-43281 
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RFL1P08 

RFL1P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• 1A, -80V and -100V 

• ^DS(ON) = 3.65n 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Description 

The RFL1P08 and RFL1P10 are P-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFL series types are supplied in the JEDEC TO-205AF 
metal package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 


Continuous Drain Current 


Maximum Power Dissipation 

Tc = +250C. 

Above Tc = +250C, Derate Linearly 



RFL1P08 

RFL1P10 

UNITS 

• ••• Vds 

-80 

-100 

V 

•••VdGR 

-80 

-100 

V 

. Id 

1 

1 

A 

.idm 

5 

5 

A 

.... Vqs 

±20 

±20 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

Tj,TstG 

-55 to+150 

-55 to +150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1535.1 


5-145 


P-CHANNEL 
POWER MOSFETs 

















Specifications RFL IPO8, RFL1 PI0 


Electrical Characteristics (Tq = +25^C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1P08 

RFL1P10 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1 mA, Vqs = 0 

-80 

- 

-100 

- 

V 

Gate Threshold Voltage 

VGS(th) 

Vqs=Vds» Id = 1 

-2 

-4 

-2 

-4 

V 

Zero-Gate Voltage Drain Current 

'dss 

Vds = -65V 

- 

-1 

- 

- 

mA 

Vds = -80V 

- 


- 

-1 

hA 

Tc = +1250C 

Vds = -65V 

■ 

-50 

■ 

■ 

fa 

Vds = -80V 

- 

- 

- 

-50 

mA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V,Vds = 0 

- 

±100 

- 

±100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

Id = ia,Vgs=-iov 

- 

-3.65 

- 

-3.65 

V 

Id = 2A,Vgs = -10V 

- 

||[Q9| 

- 

-9.3 

V 

Static Drain-Source On Resistance 

rDS{on)* 

Id = 1A,Vgs = -10V 

- 

3.65 

- 

3.65 

CL 

Forward Transconductance 

gfs* 

Id = '«a,Vds = -10V 

200 

- 

200 

- 

S(U) 

Input Capacitance 

C|SS 

Vgs = 0V,Vds = -25V 
f=1MHz 

- 

150 

- 

150 

PF 

Output Capacitance 

Coss 

- 

80 

- ^ 

80 

PF 

Reverse Transfer Capacitance 

Crss 

- 

30 

- 

30 

pF 

Turn-On Delay Time 

fd{on) 

Id = 1A, Vdd = “50V 
RgEN = RgS = 

Vgs = -10V 

7{typ) 

25 

7 (typ) 

25 

ns 

Rise Time 

V 

15{typ) 

45 

15 (typ) 

45 

ns 

Turn-Off Delay Time 

td(off) 

14(typ) 

45 

14 (typ) 

45 

ns 

Fall Time 

tf 

11 (typ) 

25 

11 (typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

■■ 

- 

15 

OC/W 


* Pulsed; Pulse duration = SOOps max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL1P08 

RFL1P10 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

Isd=-ia 

- 

-1.4 

- 

-1.4 

V 

Diode Reverse Recovery Time 

Vr 

If = 2 A 

d|F/dt = 50A/FS 


135 (typ) 

■ 

135 (typ) 

ns 


* Pulsed; Pulse duration = 300fis max., duty cycle = 2%. 
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PQVER DISSIPATION MULTIPLIER 


RFUP08, RFL1P10 



DRflIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 
Fig. 1 - Maximum operating areas for all types. 



Fig. 2 - Normalized power dissipation vs temperature derating curve. 



92CS-37586 

Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 



92CS-37585 

Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 



O -2 -4 -6 -8 -10 

GATE-TO-SOURCE VOLTAGE 

92CS-37587 


Fig. 5 - Typical transfer characteristics for all types. 
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RFP2P08 

RFP2P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• -2A, -80V and -100V 

• roSCON) = 3.50 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Description 

The RFP2P08 and RFP2P10 are P-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers, and drivers for 
high-power bipolar switching transistors requiring high speed 
and low gate-drive power. These types can be operated 
directly from integrated circuits. 

The RFP series types are supplied in the JED EC TO-220AB 
plastic package. 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 


RFP2P08 RFP2P10 


Continuous Drain Current 


Maximum Power Dissipation 


Above Tc = +250C, Derate Linearly 


.... Vds 

-80 

-100 

V 

•••VdGR 

-80 

-100 

V 

.Id 

2 

2 

A 

.Idm 

5 

5 

A 

.... Vgs 

±20 

±20 

V 

.Pd 

25 

25 

W 


0.2 

0.2 

W/OC 

Tj.TstG 

-55 to+150 

-55 to +150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP2P08. RFP2P10 


Electrical Characteristics (Tq = + 250 C), Unless Otherwise Specified 





LIMITS 





RFP2P08 

RFP2P10 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1mA, Vqs = 0 

-80 

- 

-100 

- 

V 

Gate Threshold Voltage 

VGS{th) 

VgS = Vds.Id = 1mA 

-2 

-4 

-2 

-4 

V 

Zero-Gate Voltage Drain Current 

•dss 

Vds = -65V 

- 

-1 

- 

- 

fiA 



Vds=-80V 

- 

- 

- 

-1 

fiA 



Tc = +1250C 

Vds = -65V 

■ 

-50 

■ 

■ 

fiA 



Vds = -80V 

- 

- 

- 

-50 

mA 

Gate-Source Leakage Current 

•gss 

VqS = ±20V, Vds = 0 

- 

±100 

- 

±100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

Id = 1A,Vgs = -10V 

- 

-3.5 

- 

-3.5 

V 



Id = 2A,Vgs = -10V 

- 

-9.0 

- 

-9.0 

V 

Static Drain-Source On Resistance 

rDS(on)* 

Id = 1A,Vgs = -10V 

- 

3.5 

- 


n 

Forward Transconductance 

Qfs* 

Id = 1 A, Vds =-10V 

200 

- 

200 

- 

S(U) 

Input Capacitance 

C|SS 

Vqs = ov, Vds = -25V 

- 

150 

- 

150 

PF 

Output Capacitance 

Goss 

f = 1MHz 

- 

80 


80 

PF 

Reverse Transfer Capacitance 

Crss 


- 

30 

- 

30 

pF 

Turn-On Delay Time 

td(on) 

Id = 1A. VdD = -50V 

7(typ) 

25 

7 (typ) 

25 

ns 

Rise Time 

tr 

RGEN = RGS = 50a 

Vgs = -iov 

15(typ) 

45 

15 (typ) 

45 

ns 

Turn-Off Delay Time 

td{off) 

14 (typ) 

45 

14 (typ) 

45 

ns 

Fall Time 

tf 


11(typ) 

25 

11 (typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 


5 

oc/w 


* Pulsed: Pulse duration = SOOfis max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2P08 

RFP2P10 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

CO 

D 

11 

1 

> 

- 

-1.4 

- 

-1.4 

V 

Diode Reverse Recovery Time 

trr 

If = 2 A 

d|F/dt = 50A/}is 

■ 

135 (typ) 

■■ 

135 (typ) 

ns 


* Pulsed: Pulse duration = 300|is max., duty cycle = 2%. 
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POWER DISSIPATION MULTIPLIER 


RFP2P08, RFP2P10 


SRFE OPERRTING RRER 

RFP2P08. RFP2P10 



Fig. 1 - Maximum operating areas for all types. 



Fig. 2 - Normalized power dissipation v's temperature derating curve. 



92CS-37586 



92CS-37585 

Fig. 3 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 



92CS-37587 


Fig. 4 - Normalized drain-to-source on resistance to junction 
temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 


















































































































































































CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 


5-153 


P-CHANNEL 
POWER MOSFETs 


















Spmrncatimns RFM5P12, RFM5P15, RFP5P12, RFP5P1S 





LIMITS 

BB 

CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM5P12 

RFP5P12 

RFM5P15 

RFP5P15 





Min. 

Max. 

Min. 


HI 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA 

Vgs = 0 

-120 

- 

-150 

B 

B 

Gate-Threshold Voltage 

VGS(th) 

Vgs = Vds 

Id = 1 mA 

B 

-4 

-2 

B 

V 

Zero-Gate Voltage Drain Current 

loss 

Vds = -100 V 


1 

— 

■ 




Vds = -120 V 


— 

— 

■i 




Tc= 125°C 

Vds = -100 V 








Vds = -120 V 

— 


— 



Gate-Source Leakage Current 

less 

Vgs = ±20 V 

Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On Voltage 

V DS(on) 

Id = 2.5 A 

Vgs = -10 V 

- 


- 


y 



Id = 5A 

Vgs = -10 V 

- 

B 

- 

-8 


Static Drain-Source On Resistance 

rDS<on)* 

Id = 2.5 A 

Vgs = -10 V 

- 

D 

- 

B 

0 

Forward Transconductance 

Qfs® 

Vds = 10 V 

Id = 2.5 A 

0.75 

B 


B 


Input Capacitance 

Ciss 


— 

700 

— 



Output Capacitance 

Coss 


— 

300 

— 



Reverse-Transfer Capacitance 

Crss 


— 

100 

— 



Turn-On Delay Time 

td(onl 

Vdd — 1/2 BVdss 

20(typ.) 

60 

20(typ.) 

60 


Rise Time 

tr 

Id = 2.5 A 

36(typ.) 

100 

36(typ.) 

100 


Turn-Off Delay Time 

td(off) 

Rgen = Rgs = 500 

63(typ.) 

150 

63(typ.) 

150 

Fall Time 

tf 

Vgs = 10 V 

40(typ.) 

100 

40(typ.) 

100 


Thermal Resistance Junction-to-Case 

R^jc 

RFM5P12, 

RFM5P15 

- 

1.67 

- 

1.67 

°c/w 



RFP5P12. 

RFP5P15 

B 

2.083 

- 

2.083 


^Pulsed: Pulse duration = 300 //s max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 



RFM5P12 

RFP5P12 

RFM5P15 

RFP5P15 

UNITS 





Max. 


Max. 


Diode Forward Voltage 

VsD 

IsD - 2.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A 

dip/dt = 100A//is 

300(typ.) 

300(typ.) 

ns 


‘Pulse Test: Width < 300 //s, Duty Cycle < 2%. 
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RFM5P12, RFM5P15, RFP5P12, RFP5P15 
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DRAIN-TO-SOURCE VOLTAGE (Vds>“V 

92CS-36476R1 


Fig. 1 - Maximum safe operating areas for all types. 




92CS-36477 



Fig. 2 - Power dissipation vs. temperature 
derating curve for all types. 



Fig. 4 - Normalized drain-to-source on 
resistance to junction temperature for 
alt types. 


Fig. 3 - Typical normalized gate threshold 
voltage as a function of junction 
temperature for all types. 
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GATE-TO-SOURCE VOLTAGE 

92CS- 364 79 

Fig. 5 - Typical transfer characteristics for all 
types. 
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P-CHANNEL 
POWER MOSFETs 




































































































































FORWARD TRANSCONDUCTANCE (gfs)-mho ] | DRAIN SOURCE ON RESISTANCE f0S(on)]-0HMS 


RFM5P12, RFM5P15, 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 



DRAIN CURRENT (Ip )-A 


'• 8 - Typical drain-to-source on resistance 
as a function of drain current for all 
types. 



92CS-36482 


Fig. 10-Typical forward transconductance as a function of drain 
current for all types. 


RFP5P15 



DRAIN-TO-SOURCE VOLTAGE (Vds)-V 

92CS-36481 


Fig. 7- Typical saturation characteristics for all 
types. 



O -10 -20 -30 -40 -50 

DRAIN-TO-SOURCE VOLTAGE (Vpgl-V 

92CS-36483 


Fig. 9 - Capacitance as a function of drain-to- 
source voltage for all types. 


3oa 



92CS-37384 


Fig. 11 - Switching Time Test Circuit. 
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RFM6P08/6P10 

RFP6P08/6P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• -6A, -80V and -100V 

• ^DSCon) = 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Description 

The RFM6P08 and RFM6P10 and the RFP6P08 and 
RFP6P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for high-speed 
applications such as switching regulators, switching 
converters, relay drivers, and drivers for high-power bipolar 
switching transistors. 

The RFM series types are supplied in the JEDEC 
TO-204AA metal package and the RFP series types in the 
JEDEC TO-220AB plastic package. All these types are 
supplied without an internal gate zener diode. 


Packages 

TO-204AA 
BOTTOM VIEW 



TO-220AB 
TOP VIEW 


DRAIN 




(FLANGE) 

o 


;-SOURCE 

u 


!——- - —UHAIN 


,— 



Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 

RFM6P08 RFM6P10 RFP6P08 RFP6P10 UNITS 


Drain-Source Voltage.. 

.Vds 

80 

Drain-Gate Voltage (Rqs = 1 mn). 

.Vdgr 

80 

Continuous Drain Current 

RMS Continuous. 

. b 

6 

Pulsed Drain Current. 

.bM 

20 

Gate-Source Voltage. 

.Vqs 

±20 

Maximum Power Dissipation 

Tq = +250C. 

.Pd 

75 

Above Tq = +250C, Derate Linearly .. 


0.6 

Operating and Storage Junction. 

Tj.TstG 

-55 to+150 

Temperature Range 


100 

80 

100 

V 

100 

80 

100 

V 

6 

6 

6 

A 

20 

20 

20 

A 

±20 

±20 

±20 

V 

75 

60 

60 

W 

0.6 

0.48 

0.48 

W/OC 

-55 to+150 

-55 to+150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjl^ (sjurnber 1 490 

Copyright © Harris Corporation 1991 
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P-CHANNEL 
POWER MOSFETs 


















Specifications RFM6P08, RFM6P10, RFP6P08, RFP6P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 





LIMITS 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

RFM6P08 

RFP6P08 

RFM6P10 

RFP6P10 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs“0 

-80 

— 

-100 


V 

Gate Threshold Voltage 

VGs(th) 

Vgs=Vds 

Id= 1 mA 

-2 

-4 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

loss 

>> 
If) o 

<D 00 

I f 

II II 

>> 

— 

1 

_ 

1 




Tc=125°C 
Vds=-65 V 
Vds=-80 V 

- 

50 

- 

50 

/uA 

Gate-Source Leakage Current 

Igss 

Vgs=±20 V 
Vds“0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)^ 

Id=3 A 
Vgs=-10 V 

— 

-1.8 

— 

-1.8 

V 



Id=6A 
Vgs=-10 V 

— 

-6 

— 

-6 

Static Drain-Source On Resistance 

rDs(on)^ 

Id-3 A 
Vgs=-10 V 

— 

0.6 

— 

0.6 

Q 

Forward Transconductance 

Ofs® 

Vds-10 V 

Id=3 A 

1 

— 

1 

— 

mho 

Input Capacitance 

Ciss 

Vds-25 V 

— 

800 

— 

800 


Output Capacitance 

Coss 

Vgs=0 V 

— 

350 

— 

350 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— 

150 

— 

150 


Turn-On Delay Time 

td(on) 

Vdd = 50 V 

11(typ) 

60 

11 (typ) 

60 


Rise Time 

tr 

Id=3A 

48(typ) 

100 

48(typ) 

100 

ns 

Turn-Off Delay Time 

td(off) 

Rgen^Rgs^SO fi 

102(typ) 

150 

102(typ) 

150 

Fall Time 

tf 

Vgs-IOV 

70(typ) 

100 

70(typ) 

100 


Thermal Resistance 

Junction-to^Case 

R^jc 

RFM6P08, 
RFM6P10 j 

— 

1.67 

— 

1.67 

°C/W 



RFP6P08, 

RFP6P10 

— 

2.083 

— 

2.083 


^Pulsed: Pulse duration = 300max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM6P08 

RFP6P08 

RFM6P10 

RFP6P10 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

VsD 

< 

CO 

II 

o 

V) 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

diF/dt=50 A/ps 

150(typ) 

150(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 
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DRAIN-TO-SOURCE VOLTAGE (Vq 


Fig. 1 — Maximum safe operating areas fc 
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P-CHANNEL 
POWER MOSFETs 





















































































































RFM6P08, RFM6P10. RFP6P08, RFP6P10 




DRAIN TO SOURCE VOLTAGE (Vos) —V 

92CS-37040 


Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 — Typical saturation characteristics for all types. 

Refer to Harris application notes AN-7254 and AN-7260. 



92CS-37044 

Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 



92 CS-37043 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 



92CS-37046 

Fig. 10— Typical forward transconductance as a function 
of drain current for all types. 





Fig. 11 - Switching Time Test Circuit. 
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RFD8P05/05SM 


August 1991 


P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 


Features 

• -8A, -50V 

• •'DSton) = 0-300 CL 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

Description 

The RFD8P05, RFD8P05SM and RFP8P05 p-channel 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 

The RFD8P05 is supplied in the JEDEC TO-251AA plastic 
package and the RFD8P05SM in the TO-252AA plastic 
package. The RFP8P05 is supplied in the JEDEC 
TO-220AB plastic package. 


Packages 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-^51AA 
TOP VIEW 



TO-252AA 
TOP VIEW 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 

Drain-Source Voltage, Vpss."50V 

Drain-Gate Voltage, (Rqs = 1MH), Vdgr .“50V 

Gate-Source Voltage, Vqs.± 20 V 

Drain Current: 

RMS Continuous, Ip. - 8 A 

Pulsed, | 0 |\/|.-20A 

Avalanche Current, l/^s.3ee Figure 2 

Power Dissipation, Pq: 

Tq = +250C.48W 

Derate Above Tq =+250C .0.27W/^C 

Operating and Storage Junction 

Temperature Range, Tj, TsjG.-550C to +1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporatfon 1991 
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DRAIN CURRENT Cld) - AMPS 


Specifications RFD8P05, RFD8P05SM, RFP8P05 


Electrical Characteristics (Tc = +250C) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVdsS 

Iq = 0.25 mA, Vqs = OV 

-50 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VqS = VdS* Id = 0.25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

•dss 

Vds = -40V, Vqs = OV 

- 

1 

IxA 

Tc=150OC 


50 

fiA 

Gate-Source Leakage Current 

Igss 

Vgs = ±20V,Vds = 0V 

- 

100 

nA 

Static Drain-Source on Resistance 

»'DS(on) 

Id = 8A,Vgs = -10V 

- 

0.300 

O 

Turn-On Time 

*(on) 

Vdd = -25V,Id = 4A 

Igl = lg2 = 0.2A 

VqS (clamp):-10V, +0.6V 

RL = 6.25n 
(See Figure 12) 

- 

60 

ns 

Turn-On Delay Time 

fd(on) 

- 

16(typ) 

ns 

Rise Time 

V 

- 

30(typ) 

ns 

Turn-Off Delay Time 

fd(off) 

- 

42(typ) 

ns 

Fall Time 

ff 


20(typ) 

ns 

Turn-Off Time 

*(otf) 

- 

100 

ns 

Total Gate Charge 

Qg (total) 

VGS = 0to-20V 

VdD = -40V 

Id = 8A 

RL = 5n 

- 

80 

nC 

Gate Charge at -1OV 

O 

o 

o 

< 

VGS^Oto-IOV 

- 

40 

nC 

Threshold Gate Charge 

°g(th) 

VgS = 0 to -2V 

- 

2 

nC 

Plateau Voltage 

V(piateau) 

ID = 8A,Vds = -15V 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

Eoff 

VdD = -25V, Id = 4A, Rl = 6.250 

L = 0.2MH,lg1 =lg2 = 0.2A 

Vos (clamp): -10V, -I-0.6V 

■ 

8 

mJ 

Thermal Resistance, Junction to Case 

Rejc 


- 

3.125 

oc/w 

Thermal Resistance, Junction to Ambient 

R0JA 

TO-220AB 

- 

80 

OC/W 

TO-251AA, TO-252AA 

- 

100 

oc/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

CO 

o 

II 

00 

> 

- 

1.5 

V 

Reverse Recovery Time 

frr 

ISD = 3 A, d|SD/clt = 10OA/fis 

- 

125 

ns 


C ASE TEMPERATURE CTc>25 degC 


Id MAX d 

ONTII 

VlirtVto" 
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Vd88 
MAX-60V 
_1_L_ 







DRAIN-TO-SOURCE VOLTAGE (Vde) 


St)R08P06 



0.1 1.0 10.0 100.0 


TIME IN AVALANCHE (tav) - MILLISECONDS 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Undamped inductive-switching safe-operating-area curve, 
with increase in temperature.) (Single pulse UlS SOA). See Figure 13 for test circuit. 
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NORMALIZED Rds(on) DRAIN CURRENT (Id)-AMPS 


RFD8P05, RFD8P05SM, RFP8P0S 



q1_1_ I _1 _I_I_1 

25 50 75 100 125 160 176 


CASE TEMPERATURE (To) - degC 
Figure 3 - Maximum continuous drain current vs. temperature. 



Figure 4 - Normalized power dissipation vs temperature derating curve. 


PULSE DURATION=80us Tc=25degC 



LU 

CC 

»- 

tn 


z 

o 



GATE-TO-SOURCE VOLTAGE (Vge) - VOLTS 


Figure 6 - Typical transfer characteristics. 



Figure 7 - Normalized rDS(on) vs junction temperature 



JUNCTION TEMPERATURE (TJ) - degC 6 thj8P06 
Figure 8 - Normalized gate threshold voltage. 
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P-CHANNEL 
POWER MOSFETs 








MORMflLIZED DRfllN-TO-SOURCE 
BREflKQOVN VOLTAGE (BVdas) - VOLTS 


RFD8P05, RFD8P05SM, RFP8P05 



JUNCTION TEMPERATURE (TJ) - degC fffotjgpos 
Figure 9 - Normalized drain source breakdown voltage vs temperature. 


CRSS CISS COSS 



SOURCE-TO-DRAIN VOLTAGE Vsd)-V 


Figure 10 - Typical capacitance vs voltage. 



Fig. 11 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


VOO 



S^tching Test Circuit Switching Waveforms 

Figure 12 - Resistive switching. 
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RFD8P05, RFD8P05SM, RFP8P05 


Vgs 


Vds 



UlS Test Circuit 


tav 



Figure 13 - Unclamped-inductive-switching test 
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P-CHANNEL 
POWER MOSFETs 
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RFM8P08/8P10 

RFP8P08/8P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• -8A, -80V and -100V 

• '■DS(on) = 0-4a 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 



DRAIN 

(FLANGE) 


Description 

The RFM8P08 and RFM8P10 and the RFP8P08 and 
RFP8P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, relay 
drivers, and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated 
circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Termina! Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 




RFM8P08 

RFM8P10 

RFP8P08 

RFP8P10 

UNITS 

Drain-Source Voltage. 

. Vds 

-80 

-100 

-80 

-100 

V 

Drain-Gate Voltage (Rqs = 1 mfl). 

Continuous Drain Current 

. Vdgr 

-80 

-100 

-80 

-100 

V 

RMS Continuous. 

. Id 

8 

8 

8 

8 

A 

Pulsed Drain Current. 

.Idm 

20 

20 

20 

20 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±20 

±20 

±20 

±20 

V 

Tc = +250C . 

.Pd 

100 

100 

75 

75 

W 

Above Tq = +250C, Derate Linearly .. 


0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

Tj,TstG 

-55 to+150 

“55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM8P08, RFM8P10, RFP8P08, RFP8P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 





LIMITS 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

RFM8P08 

RFP8P08 

RFM8P10 

RFP8P10 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs=0 

-80 

__ 

-100 

— 

V 

Gate Threshold Voltage 

VGs{th) 

Vgs=Vds 

Id= 1 mA 

-2 

-4 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds=-65 V 

— 

1 

— 

— 




Vds=-80 V 

— 

— 

— 

1 




Tc=125°C 
Vds=-65 V 


50 






Vds=-80 V 

— 

— 

— 

50 


Gate-Source Leakage Current 

loss 

Vgs=±20 V 

— 

100 

— 

100 

nA 


Vds=0 






Drain-Source On Voltage 

VDs(on)" 

Id=4A 
Vgs=-10 V 

— 

-1.6 


-1.6 

V 



Id=8 A 
Vgs=-10 V 

— 

-4.0 

_ 

-4.0 


Static Drain-Source On Resistance 

rDs(on)^ 

Id=4A 
Vgs=-10 V 

— 

.4 

— 

.4 

0 

Forward Transconductance 

Qfs^ 

< 

II 

o 

< 

2 

_ 

2 

— 

mho 


Id=4 A 






Input Capacitance 

Ciss 

Vds=25V 

— 

1500 

— 

1500 


Output Capacitance 

Coss 

Vgs-0 V 

— 

700 

— 

700 

PF 

Reverse Transfer Capacitance 

Crss 

f = 1MHz 

— 

300 

— 

300 


Turn-On Delay Time 

td(on) 

Vdd = 50 V 

18(typ) 

60 

18(typ) 

60 


Rise Time 

tr 

Id=4 a 

70(typ) 

150 

70(typ) 

150 

ns 

Turn-Off Delay Time 

td(off) 

Rgen=Rgs=50 Q 

166(typ) 

275 

166{typ) 

275 

Fall Time 

tf 

Vgs=-10 V 

94(typ) 

175 

94(typ) 

175 


Thermal Resistance 

R^jc 

RFM8P08, 

— 

1.25 

— 

1.25 


Junction-to-Case 


RFM8P10 





°C/W 



RFP8P08, 

RFP8P10 

— 

1.67 

— 

1.67 



^Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 


RFM8P08 

RFP8P08 

RFM8P10 

RFP8P10 

UNITS 







Max. 


Diode Forward Voltage 

VsD 

isD = 4A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A 

dip/dt = lOOA/jus 

200(typ.) 

200(typ.) 

ns 


*Pulse Test: Width < 300 ps, Duty Cycle < 2%. 
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P-CHANNEL 
POWER MOSFETs 















RFM8P08, RFM8P10, RFP8P08, RFP8P10 



DRAIN-TO-SOURCE VOLTAOE (Vos)—V 

92CS-37156R1 

Fig. 1 — Maximum operating areas for all types. 



92CS-37I47 


Fig. 2 — Power dissipation vs. case temperature derating 
curve for all types. 



JUNCTION TEMPERATURE (To)—«>C 

92CS-37I49 . 

Fig. 4 — Normalized drain-to-source on resistance to junction 
temperature for all types. 



JUNCTION TEMPERATURE (Tj)—'C 

92CS-37148 


Fig. 3 — Typical normalized! gate threshold voltage as a function 
of junction temperature for all types. 


Vds 

< PUL 

1 PUL 

a 1111111 

»IOV 

JE TEST 

5E DURATION • 

CYCLE < 2 % 

111 iiTf [111 mini 



HniHIliHHHIHHi i 
ii i jiiiiiiiiiiiiijjiii 1 
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III 

ill 

III 



::: ::: 

KaB::::::::: 

::: :: i 

Hi ii i 1 
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Hi 

M 

lEB 

illli 

IIIHH 

iusk 

:: : ::: : :: ::: ::::: : 

:: : ::: : :: ::: ::::: i 

ill liiliiiililiii 1 


-2 -3 -4 -5 -6 -7 -8 

6ATE-T0-S0URCE VOLTAGE (Ves)—V 


92CS-37I50 

Fig. 5 — Typical transfer characteristics for all types. 
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P-CHANNEL 
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RFM10P12/10P15 

RFP10P12/10P15 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• -10A, -120V and -150V 

• •'DSCon) = O-Sn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 
y (FLANGE) 


Description 

The RFM10P12 and RFM10P15 and the RFP10P12 and 
RFP10P15 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = 250C) Unless Otherwise Specified 




RFM10P12 

RFM10P15 

RFP10P12 

RFP10P15 

UNITS 

Drain-Source Voltage. 

. Vds 

-120 

-150 

-120 

-150 

V 

Drain-Gate Voltage (Rqs = . 

Continuous Drain Current 

. VqgR 

-120 

-150 

-120 

-150 

V 

RMS Continuous. 

. >D 

10 

10 

10 

10 

A 

Pulsed Drain Current. 

. Idm 

30 

30 

30 

30 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

. Pd 

100 

100 

75 

75 

W 

Above Tc = +250C, Derate Linearly .. 


0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

Tj.TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM10P12, nFMIOPIS, RFP10P12, RFP10P15 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc ^ 25°C) unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM10P12 

RFP10P12 

-^- 

RFM10P15 

RFP10P15 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 1 mA 

Vgs-O 

-120 

— 

-150 


V 

Gate-Threshold Voltage 

Vasdh) 

Vgs = Vds 

Id =1 mA 

-2 

-4 

-2 

-4 

V 

Zero-Gate Voltage Drain 

Current 

loss 

Vds = -100 V 

Vds = -120 V 


1 

— 

1 

/iA 

Tc= 125°C 

Vds = -100 V 

Vds = -120 V 


50 

- 

50 

Gate-Source Leakage Current 

loss 

Vgs = ±20V 

Vds = 0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VbS<Qn)® 

■ ' ' ' i 

. 

Id = 5 A 

Vgs = -10 V 

— 

-2.5 

— 

-2.5 

V 

Id = 10 A 

Vgs = -10 V 

■ 

-6.0 

— 

-6.0 

Static Drain-Source On 
Resistance j 

■ 

, rDS(on)® 

Id = 5 A 

Vgs = -10 V 

— ■ 

0.5 

— 

0.5 

Q 

Forward Transconductance 

I 

Vps = -10V 

Id = 5A 

2 

.. 

2 

— 

mho 

Input Capacitance 

Ciss 

Vds = -25 V 

Vgs = 0 V 

f=1MHz 


1700 

— 

1700 

PF 

Output Capacitance 

Coss 

— 

600 

— 

600 

Reverse Transfer Capacitance 

CrsS 

— 

350 

— 

350 

_ ^ ^ ^ 

Turn-On Delay Time 

td(on) 

Vds = -75 V 

Id = 5 A 

Rgen = Rgs = 50 O 

Vgs =-10 V 

24(typ) 

50 

24(typ) 

50 

ns 

Rise Time 

' ■ tr' 

74(typ) 

150 

74{typ) 

150 

Turn-Off Delay Time 

td(off) ! 

138{typ) 

225 

138{typ) 

225 

Fall Time i 

' t, 

61(typ) 

100 

61(typ) 

100 

Thermal Resistance ^ 

Junction-to-Case 

R^jc 

■• . i 

—___J 

RFM10P12, 

RFM10P15 


I 

1.25 


1.25 

°C/W 

RFP10P12. 

RFP10P15 

- 

1.67 


1.67 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

RFM10P12 

RFP10P12 

RFMiOP15 

RFP10P15 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

VsD^ 

IsD = 5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If -4A, dlF/dt= 100 A/AfS 

210 (typ.) 

210 (typ.) 

ns 


a Pulsed: Pulse duration = 300/us max;, duty cycle = 2%. 
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P-CHANNEL 
POWER MOSFETs 




POWER DISSIPATION (Pj)- 



Fig. 4 - Normalized drain-to-source on resistance as as function 
of junction temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 







































































































































































































FORWARD TRANSCONDUCTANCE (gfs)mho 



Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 


P-CHANNEL 
POWER MOSFETs 
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RFM12P08/12P10 

RFP12P08/12P10 

P-Channel Enhancement-Mode 
Power Field-Effect Transistors 


Features 

• -12A,-SOVand -100V 

• i^DSCon) = 0.8CI 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Packages 


TO-204AA 
BOTTOM VIEW 


DRAIN 

'(FLANGE) 


o T o 


Description 

The RFM12P08 and RFM12P10 and the RFP12P08 and 
RFP12P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 

The RFM series types are supplied in the JEDEC 
TO-204AA steel package and the RFP series types in the 
JEDEC TO-220AB plastic package. 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250C) Uniess Otherwise Specified 




RFM12P08 

RFM12P10 

RFP12P08 

RFP12P10 

UNITS 

Drain-Source Voltage. 

. Vds 

-80 

-100 

-80 

-100 

V 

Drain-Gate Voltage (Rqs - 1 . 

Continuous Drain Current 

. VdGR 

-80 

-100 

-80 

-100 

V 

RMS Continuous. 

. »D 

12 

12 

12 

12 

A 

Pulsed Drain Current. 

. Idm 

30 

30 

30 

30 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

±20 

±20 

±20 

V 

Tc = +250C. 

. Pd 

100 

100 

75 

75 

W 

AboveTc = +250C, Derate Linearly .. 

0.8 

0.8 

0.6 

0.6 

W/OC 

Operating and Storage Junction. 

••• Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12P08, RFM12P10, RFP12P08, RFP12P10 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)-25°C unless otherwise specified. 


CHARACTERISTICS 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM12P08 

RFP12P08 

RFM12P10 

RFP12P10 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Id= 1 mA 

Vgs~0 

-80 

— 

-100 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs-Vds 

Id^I mA 

-2 

-4 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds--65 V 
Vds--80 V 

— 

1 

I 

1 

pA 

Tc=125°C 
Vds--65 V 
Vds=-80 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

less 

Vgs=±20 V 
Vds-0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)" 

Id=6 A 
Vgs=-10 V 

— 

-1.8 

— 

-1.8 

V 

Id=12 A 
Vgs=-10 V 

— 

-4.8 

— 

-4.8 

Static Drain-Source On Resistance 

rosCon)"* 

Id=6 A 
Vgs=-10V 

— 

.3 

— 

.3 

Q 

Forward Transconductance 


Vds=-10 V 

Id=6 A 

2 

— 

2 

— 

mho 

Input Capacitance 

Ciss 

Vds=-25 V 
Vgs=0 V 

f=1MHz 

— 

1500 

— 

1500 

PF 

Output Capacitance 

Coss 

— 

700 

— 

700 

Reverse Transfer Capacitance 

Crss 

— 

300 

— 

300 

Turn-On Delay Time 

td(on) 

Vdd=50 V 

Id=6 A 

Rgen—Rgs~50 Q 

Vgs=-10 V 

18(typ) 

60 

18(typ) 

60 

ns 

Rise Time 

tr 

90(typ) 

175 

90(typ) 

175 

Turn-Off Delay Time 

td(off) 

144(typ) 

275 

144(typ) 

275 

Fall Time 

tf 

94(typ) 

175 

94(typ) 

175 

Thermal Resistance 

Junction-to-Case 

R^jc 

RFM12P08, 

RFM12P10 

— 

1.25 

— 

1.25 

°C/W 

RFP12P08, 

RFP12P10 

— . 

1.67 

— 

1.67 


^Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

RFM12P08 

RFP12P08 

RFM12P10 

RFP12P10 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Diode Forward Voltage 

VsD 

Isd'=6 a 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

d,F/dt=100 A/ps 

200(typ) 

200(typ) 

ns 


‘Pulse Test: Width < 300 ps, duty cycle < 2%. 
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P-CHANNEL 
POWER MOSFETs 




POWER DISSIPATION (Pt)- 



I 


B8B88 r^88 8SikUI|!. 
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RFM12P08, RFM12P10. RFP12P08, RFP12P10 



VdSS 0.75 Vdss/ 

VdSS 0.50 VdsS-^ 

VdSS 0.25 Vdss^ 


PULSE TEST 

PULSE DURATION =80 /aS 
DUTY CYCLE <2% 

CASE TEMPERATURE (Tc) = 25*C 



DRAIN-TO-SOURCE VOLTAGE (Vos)-V 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 7 — Typical saturation characteristics for all types. 


vqs=iov : 

PULSE TEST : 

PULSE DURATION =80 /iS : 
DUTY CYCLE <2% 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 



0 10 20 30 40 50 60 70 

DRAIN-TO-SOURCE VOLTAGE (Vos) —V 

92CS-37II2 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


? Vd 

TO SCOPE 


-°jLr 

Krl''‘'hy 


KELVIN 

-CONTACT 


DRAIN CURRENT (Iq)—A 

92CS-37I13 


Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 11 — Switching Time Test Circuit 


P-CHANNEL 
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RFD15P05/05SM 
RFP15P05 

P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaFETs) 


Features 

•-ISA,-50V 

• •'DS(on) = O-ISO n 

• UlS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 


Description 

The RFD15P05, RFD15P05SM and RFP15P05 p-channel 
power MOSFETs are rhanufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 

The RFD15P05 is supplied in the JEDEC TO-251AA plastic 
package and the RFD15P05SM in the TO-252AA plastic 
package. The RFP15P05 is supplied in the JEDEC 
TO-220AB plastic package. 


Packages 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-251AA 
TOP VIEW 



TO-252AA 
TOP VIEW 



Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = 250 G), Unless Otherwise Specified 

Drain-Source Voltage, VdsS ••••••• _- • • ...... .>...........- ....... .....-50V 

Drain-Gate Voltage, (Rqs = 1 Mfl), Vqqr ....... .....;................ ...-50V 

Gate-Source Voltage, Vqs ...—• • ... .... . .................. ±20V 

Drain Current: 

RMS Continuous, Iq ......................... -15A 

Pulsed, ipM.. • ■ ......... •—...... .. -40A 

Avalanche Current, l^s.................. See Figure 2 

Power Dissipation, Pd: 

Tc = + 25 OC ......... ......;SOW 

Derate Above Tc = +250C................: . 0.533W/OC 

Operating and Storage Junction 

Temperature Range, Tj, TstG- .. ....,...'_ ..................... -550C to +1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. 
Copyright © Harris Corporation 1992 
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DRfilN CURRENT (Id) - RMPS 


Specifications RFD15P05, RFD15P05SM, RFP15P05 


Electrical Characteristics (Tc = + 250 C) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVosS 

lD = 0.25mA,VGS = 0V 

-50 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VgS = Vds. Id = 0-25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

•dss 

Vds = -40V, vgs = ov 

- 

1 

mA 

Tc =150OC 


50 

mA 

Gate-Source Leakage Current 

loss 

Vqs = ± 20V, Vds = ov 

- 

100 

nA 

Static Drain-Source on Resistance 

^DSfon) 

Id = 15A,Vgs = -10V 

- 

0.150 

a 

Turn-On Time 

^on) 

Vdd=-25V,Id = 7.5A 

Igl = Ig2 = 0.4A 

Vgs (clamp)--10V, +0.6V 

Rl =3.3n 
(See Figure 12) 

- 

60 

ns 

Turn-On Delay Time 

fd(on) 

- 

16(typ) 

ns 

Rise Time 

tr 

- 

30(typ) 

ns 

Turn-Off Delay Time 

fd(off) 

- 

50(typ) 

ns 

Fall Time 

tf 


20(typ) 

ns 

Turn-Off Time 

Hoff) 

- 

100 

ns 

Total Gate Charge 

Qg (total) 

Vgs = 0 to-20V 

Vdd = -40 V 

Id = 15A 

Rl = 2.67a 

- 

150 

nC 

Gate Charge at-10V 

Qgf-IOV) 

Vgs = 0 to-10V 

- 

75 

nC 

Threshold Gate Charge 

Qg(lh) 

Vgs = 0 to -2V 

- 

3.5 

nC 

Plateau Voltage 

V(piateau) 

Id = i5A, Vds =-15V 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

^off 

VdD = -25V, Id = 7.5A, Rl = 3.33a 

L = 0.2MH,lg1 =lg2 = 0.4A 

Vgs (clamp):-10V, +0.6V 


17 

pj 

Thermal Resistance, Junction to Case 

R0JC 

TO-220AB, TO-251AA, TO-252AA 

- 

1.875 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 

TO-251AA,TO-252AA 

- 

100 

OC/W 

TO-220AB 

- 

80 

oc/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

•SD = 15A 

- 

1.5 

V 

Reverse Recovery Time 

trr 

ISD = 15A, d|SD/dt = 10OA/ps 

- 

125 

ns 


CASE TEMPERATURE (Tc)~25dagC 



= 
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DRAIN-TO-SOLIRCE VOLTAGE (Vds) - VOLTS 



0.1 1.0 10.0 100.0 


TIME IN AVALANCHE (tav) - MILLISECONDS 


Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Undamped inductive-switching safe-operating-area curve, 
with increase in temperature.) (Single pulse UlS SOA). See Figure 13 for test circuit. 
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P-CHANNEL 
POWER MOSFETs 



















DRAIN CURRENT ad)-AMPS DRAIN CURRENT (Id) 


















NORMALIZED DRAIN-TD-SOURCE 
BREAKDOWN VOLTAGE CBVdsa) - VOLTS 


RFD15P05, RFD15P05SM, RFP15P05 



JUNCTION TEMPERATURE (TJ) - degC gvotsw 
Figure 9 - Normalized drain source breakdown voltage vs temperature. 



Figure 10 - Typical capacitance vs voltage. 



5 


Fig. 11 - Normalized switching waveforms for constant gate-current. 
Prefer to Harris application notes AN-7254 and AN-7260. 


vdo 



Switching Test Circuit Switching Waveforms 


Figure 12- Resistive switching. 
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P-CHANNEL 
POWER MOSFETs 






RFI^ISPOS, RFD15P05SM, RFP15P05 


VdS 



tav 



UlS Waveforms 


Figure 13 - Unclamped-inductive-switching test 
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@ HARRIS RFH25P08/25P10 

RFK25P08/25P10 

P-Channel Enhancement-Mode 
August 1991 Power Field-Effect Transistors 


Features 

• -25A, -100V and -80V 

• rDSton) = O.isn 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 


Packages 


TO-218AC 
TOP VIEW 



TO-204AE 
BOTTOM VIEW 


SOURCE 

DRAIN 

GATE 


Description 

The RFH25P08 and RFH25P10 and the RFK25P08 and 
RFK25P10 are p-channel enhancement-mode silicon gate 
power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers, and drivers for high-power bipolar 
switching transistors requiring high speed and low gate- 
drive power. These types can be operated directly from 
integrated circuits. 



Terminal Diagram 


The RFH series types are supplied in the JEDEC 
TO-218AC plastic package and the RFK series types in the 
JEDEC TO-204AE steel package. 


P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = 250C) Unless Otherwise Specified 




RFH25P08 

Drain-Source Voltage. 

. Vds 

-80 

Drain-Gate Voltage {Rqs = . 

Continuous Drain Current 

. Vqgr 

-80 

RMS Continuous. 

. *D 

-25 

Pulsed Drain Current. 

.*DM 

-60 

Gate-Sou roe Voltage . 

Maximum Power Dissipation 

. Vqs 

±20 

Tc = +250C. 

. Pd 

150 

Above Tc = +25<^C, Derate Linearly .. 


1.2 

Operating and Storage Junction. 

••• Tj.Tstg 

-55 to+150 


Temperature Range 


RFH25P10 

RFK25P08 

RFK25P10 

UNITS 

-100 

-80 

-100 

V 

-100 

-80 

-100 

V 

-25 

-25 

-25 

A 

-60 

-60 

-60 

A 

±20 

±20 

±20 

V 

150 

150 

150 

W 

1.2 

1.2 

1.2 

w/oc 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pUg ^ 032 

Copyright © Harris Corporation 1991 
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Specifications RFH25P08, RFH25P10, RFK26P08, RFK25P10 


Electrical Characteristics (Tq = 250C), Unless Othenwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH25P08 

RFK25P08 

RFH25P10 

RFK25P10 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Iq = 1.0mA, Vqs = 0 

-80 

- 

-100 

- 

V 

Gate Threshold Voltage 

VGS{th) 

VgS = Vds. lD = 'i'T^A 

-2 

-4 

-2 

-4 

V 

Zero-Gate Voltage Drain Current 

•dss 

Vds=-65V 

- 

-1 

- 

- 

mA 

VdS = “80V 

- 

- 

- 

-1 

pA 

Tc = 1250C 

Vds = “65V 

■ 

-50 

■ 

■ 

pA 

Vds = -80V 

- 

- 

- 

-50 

pA 

Gate-Source Leakage Current 

'gss 

Vgs-±20V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

ID = 12.5A,Vgs = -10V 

- 

-1.88 

- 

-1.88 

V 

Id = 25A,Vgs = -10V 

- 


- 

m§[ii 

V 

Static Drain-Source On Resistance 

•"DSCon)* 

Id = 12.5A,Vgs = “10V 

- 

0.15 

- 

0.15 

n 

Forward Transconductance 

gts* 

ID = 12.5A,Vds = -10V 

4 

- 

4 

.. _ 

s(y) 

Input Capacitance 

C|SS 

VgS==0V,Vds = -25V 
f=1MHz 

- 

3000 

- 

3000 

PF 

Output Capacitance 

Coss 

- 

1500 

- 

1500 

PF 

Reverse Transfer Capacitance 

CrsS 

- 

600 

- 

600 

pF 

Turn-On Delay Time 

fd(on) 

Id = 12.5A, Vds = “50V 

Rgen = Rgs = son 

Vgs = -10V 

35{typ) 

50 

35 (typ) 

50 

ns 

Rise Time 

tr 

165(typ) 

250 

165 (typ) 

250 

ns 

Turn-Off Delay Time 

fd{off) 

270 (typ) 

400 

270 (typ) 

400 

ns 

Fall Time 

tf 

165(typ) 

250 

165 (typ) 

250 

ns 

Thermal Resistance Junction-to-Case 

R0JC 

RFK25P08,RFK25P10 


0.83 

- 

0.83 

OC/W 


* Pulsed: Pulse duration = SOOjis max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFH25P08 

RFK25P08 

RFH25P10 

RFK25P10 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VsD** 

Isd = “12.5A 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

lp = 4A 

d|p/dt=100A/MS 

■ 

300 (typ) 

“ 

300 (typ). 

ns 


** Pulsed test: Width < SOOfis, duty cycle < 2%. 
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P-CHANNEL 
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FORWARD TRANSCONOUCTANCE (gfs)-mho 


RFH25P08. RFH25P10, RFK25P08, RFK25P10 



PULSE 
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0 -I -2 -3 -4 -5 -6 -7 

DRAIN-TO-SOURCE VOLTAGE (V^gl-V 


92CS-37245 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN-7254 and AN-7260. 


Fig. 7 - Typical saturation characteristics for all types. 



Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 


VGs=-tOV 


PULSE TEST 



0 2 4 6 8 10 12 14 16 18 20 

DRAIN-TO-SOURCE CURRENT ( Iq )-A 


92CS-37248 



92CS-37247 


Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


4 a 



Fig. 10- Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 


















































HARRIS RFG30P05 

RFP30P05 

P-Channel Enhancement Mode Power 
August 1991 Field Effect Transistors (MegaFETs) 


Features 

• -30A, -50V 

• *'DS(on) = 0.065 CL 

• UiS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750C Operating Temperature 

Description 

The RFG30P05 and RFP30P05 p-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFG30P05 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P05 in the TO-220AB plastic 
package. 


Packages 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 



SOURCE 

DRAIN 

GATE 


TO-247 
TOP VIEW 


DRAIN 

(TAB) 



> SOURCE 

> DRAIN 


>GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Drain-Source Voltage, Vpss.“ 66 V 

Drain-Gate Voltage, (RqS = ^ VqGR.-50V 

Gate-Source Voltage, Vg 3 .±20V 

Drain Current: 

RMS Continuous, |0 .-SOA 

Pulsed, IpM. -75A 

Single Pulse Avalanche Rating, Refer to UIS SOA Curve 
Power Dissipation, Pd*. 

Tc = +250C.120W 

Derate Above Tc =+250C .O.SW/^C 

Operating and Storage Junction 

Tern perature Range, Tj, TsjG.”65 to +1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. pH^ Number 2436 

Copyright © Harris Corporation 1991 
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DRfilN CURRENT (Id) - AMPS 


Specifications RFG30P05, RFP30P05 


Electrical Characteristics (Tc = +25OC) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 0.25 mA,VQs = 0V 

-50 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VqS = Vds» Id = 0*25 mA 

2 

4 

V 

Zero Gate Voltage Drain Current 

bss 

Vds = -40V,Vgs=0V 

- 

1 

HA 

Tc=150OC 


50 

mA 

Gate-Source Leakage Current 

IGSS 

Vgs==± 20V 

- 

100 

nA 

Static Drain-Source on Resistance 

rDSfon) 

Id = 30A,Vgs = "10V 

- 

0.0.65 

O 

Turn-On Time 

^pn) 

Vdd*-25V,Id = 15A 

Igl = Ig2 = 0.8A 

VqS (clamp): -10V, +0.6V 

Rl= 1.670 

- 

80 

ns 

Turn-On Delay Time 

^(on) 

15{typ) 

- 

ns 

Rise Time 

V 

23{typ) 

- 

ns 

Turn-Off Delay Time 

kl(off) 

28(typ) 

- 

ns 

Fall Time 

tf 

18{typ) 

- 

ns 

Turn-Off Time 

BSHHI 

- 

100 

ns 

Total Gate Charge 

Qg{total) 

VGS = 0to-20V 

Vdd = -40V 

Ip = 40A 

RL= 1.330 

- 

200 

nC 

Gate Charge at -1OV 

Qg{-10V) 

1 

o 

o 

it 

CO 

- 

100 

nC 

Threshold Gate Charge 


Vgs = 0 to -2V 

- 

2 

nC 

Plateau Voltage 

V(piateau) 

Id = 30A,Vds = -15V 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

Eoff 


■ 

75 

mJ 

-1 

Thermal Resistance, Junction to Case 

R0JC 


- 

1.25 

oc/W 

Thermal Resistance, Junction to Ambient 

R0JA 


- 

80 

oc/w 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

ISD = 30A 

- 

1.5 

V 

Reverse Recovery Time 

trr 

ISD = 30A, d|SD/dt = 10OA/^is 

- 

150 

ns 



DRflIN-TO-SOURCE VOLTAGE CVds) - VOLTS 

Figure 1 - Safe operating area curve. (Curves must be derated linearly 
with increase in temperature.) 



0.1 1.0 10.0 100.0 

TIME IN AVALANCHE Ctav) - MILLISECONDS 

Figure 2 - Undamped inductive-switching safe-operating-area curve. 
(Single pulse UlS SOA). See Figure 13 for test circuit. 
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P-CHANNEL 
POWER MOSFETs 










NORMALIZED ORflIN-TO-SOURCE 
BREAKDOWN VOLTAGE CBVdss) - VOLTS 


RFG30P05, RFP30P05 



-50 0 60 100 150 200 

JUNCTION TEMPERATURE (Tj) - degC 

Figure 9 - Normalized drain source breakdown voltage vs 
junction temperature. 



Figure 10 - Typical capacitance v^s voltage. 



Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 


Vdo 



Switching Test Circuit 



Figure 12- Resistive switching. 
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RFG30P05, RFP30P05 


BVdSS 



UlS Test Circuit UlS Waveforms 

Figure 13 - Unclamped-inductive-switching test 
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August 1991 


RFG30P06 

RFP30P06 

P-Channel Enhancement Mode Power 
Field Effect Transistors (MegaPETs) 


Features 

• -30A, -60V 

• «'PS(on) = 0.075 n 

• ulS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750 c Operating Temperature 

Description 

The RFG30P06 and RFP30P06 p-channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those 
of LSI integrated circuits, gives optimum utilization of 
silicon, resulting in outstanding performance. They were 
designed for use in applications such as switching 
regulators, switching converters, motor drivers, relay 
drivers, and emitter switches for bipolar transistors. These 
transistors can be operated directly from integrated circuits. 

The RFG30P06 is supplied in the JEDEC TO-247 plastic 
package and the RFP30P06 in the TO-220AB plastic 
package. 


Packages 

TO- 220 AB 
TOP VIEW 

SOURCE 
DRAIN 
GATE 


TO-247 
TOP VIEW 

SOURCE 
DRAIN 
GATE 


Terminal Diagram 

P-CHANNEL ENHANCEMENT MODE 
D 


G 


S 





Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Drain-Source Voltage, Vpss. -GOV 

Drain-Gate Voltage, (Rqs = 1 Vdgr....."60V 

Gate-Source Voltage, Vg 3 .....±20V 

Drain Current: 

RMS Continuous, Id..........-30A 

Pulsed, Idm- .. -75A 

Single Pulse Avalanche Rating, Refer to UlS SOA Curve 
Power Dissipation, Pq: 

Tc = +250C........135W 

DerateAboveTc = +250C . 0.9W/OC 

Operating and Storage Junction 

Temperature Range, Tj,TstG ........-55to+1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procdures should be followed. pUg dumber 2437 

Copyright © Harris Corporation 1991 
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DRAIN CURRENT (Id) - AMPS 


Specifications RFG30P06, RFP30P06 


Electrical Characteristics (Tq = + 250 C) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVdsS 

lD = 0.25mA,VGS = 0V 

-60 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VqS = VdS» 'D = 0-25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

Idss 

Vds = -40V,Vgs = 0V 

_ 

1 

IxA 

Tc==150OC 


50 

pA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V 

- 

100 

nA 

Static Drain-Source on Resistance 

rDS(on) 

ID = 30A,Vgs==-10V 

- 

0.075 

O 

Turn-On Time 

^(pn)__ 

Vdd = -30V,Id = 15A 

Igl = Ig2 = 0.8A 

VqS (clamp):-10V,+0.6V 

RL=2.oa 

- 

60 

ns 

Turn-On Delay Time 

ISSflHl 

15(typ) 

- 

ns 

Rise Time 

V 

23(typ) 

- 

ns 

Turn-Off Delay Time 

td(off) 

28(typ) 

- 

ns 

Fall Time 

tf 

18(typ) 

- 

ns 

Turn-Off Time 

*(Off). 

- 

100 

ns 

Total Gate Charge 

Qg(total) 

VGS = 0to-20V 

Vdd = -48V 

Id = 30A 

Rl = 1.60 

- 

200 

nC 

Gate Charge at -1OV 


VGS = 0tP-10V 

- 

100 

nC 

Threshold Gate Charge 

°g(th) . 

VGS = 0to-2V 

- 

7 

nC 

Plateau Voltage 

Vfpiateau) 

Id = 30A,Vds = -15V 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

Eoff 

Vdd = -30V, Id = 15A, Rl = 2.00 

L = 0.2MH,lg1 =lg2 = 0.8A 

VgS (clamp):-10V, +0.6V 

■ 

75 

pj 

Thermal Resistance, Junction to Case 

Rejc 


- 

1.11 

PC/W 

Thermal Resistance, Junction to Ambient 



- 

80 ! 

OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

ISD = 30A 

- 

1.5 

V 

Reverse Recovery Time 

trr 

ISD = 30A, d|SD/dt = 10OA/ps 

- 

150 

ns 



DRAIN-TO-SOURCE VOLTAGE CVds) - VOLTS 



Figure 1 - Safe operating area curve. (Curves must be derated linearly Figure 2 - Undamped inductive-switching safe-operating-area curve, 
with increase in temperature.) (Single pulse UlS SOA). See Figure 13 for test circuit. 
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NORMALIZED RdsCon) ORflIN CURRENT (Id) - AMPS 5 DRAIN CURRENT (Id) - AMPS 


RFG30P06, RFP30P06 



CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - degC 

3 - Maximum continuous drain curtent vs case temperature. Figure 4 - Normalized power dissipation vs case temperature. 



..1.:.i.., >..L.... 

0 -2 -4 -6 -8 .. -.10 


DRAIN-TO-SOURCE VOLTAGE. (Vds) - VOLTS 

Figure 5 - Typical saturation characteristics. 


Vds==-l5V 



GATE-TO-SOURCE, VOLTAGE (Vgs) - VOLTS 

Figure 6 - Typical transfer characteristics. 



JUNCTION TEMPERATURE (Tj) - degC 


Figure 7 - Normalized on-state resistance vs 
Junction temperature. 



JUNCTION TEMPERATURE (Tj) - degC 

Figure 8 - Normalized gate threshold voltage vs junction temperature. 
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NORMRLIZED DRflIN-TO-SOURCE 
BREAKDOWN VOLTAGE CBVdss) - VOLTS 


RFG30P06, RFP30P06 



JUNCTION TEMPERATURE (Tj) - degC 

Figure 9 - Normalized drain source breakdown voltage vs 
Junction temperature. 



qI-^^^^-1 

0 -5 -10 -15 -20 -25 

DRRIN-TO-SOURCE VOLTAGE CVds) - VOLTS 


Figure 10 - Typical capacitance vs voltage. 



Figure 11 - Normalized switching waveforms for constant gate current. 
(Refer to application notes AN-7254 and AN-7260.) 


VdO 



Switching Test Circuit 



Figure 12 - Resistive switching. 
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RFG30P06, RFP30P06 


bvdss 




Figure 13 - Unclamped-inductive-switching test. 
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January 1994 


RFG60P05E 

RFG60P06E 

P-Channel Enhancement-Mode Power 
Field-Effect Transistors (MegaFETs) 


Features 

• RFG60P05E = -60A, -50V, rDS(on) = 0.026n 

• RFG60P06E = -60A, -60V, rDS(on) = 0.030n 

• Electrostatic Discharge Rated 

• UiS SOA Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• 1750C Operating Temperature 

Description 

The RFG60P05E and RFG60P06E p-channel ESD rated 
power MOSFETs are manufactured using the MegaFET 
process. This process, which uses feature sizes 
approaching those of LSI integrated circuits, gives optimum 
utilization of silicon, resulting in outstanding performance. 
They were designed for use in applications such as 
switching regulators, switching converters, motor drivers, 
relay drivers, and emitter switches for bipolar transistors. 
These transistors can be operated directly from integrated 
circuits. 

The RFG60P05E and RFG60P06E are supplied in the 
JED EG TO-247 plastic package. 


Package 


DRAIN 

(TAB) 


TO-247 
TOP VIEW 



Terminal Diagram 


P-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = 250C), Unless Otherwise Specified 


Continuous Drain Current 


MIL-STD-883, Category B{2) 

Single Pulse Avalanche Rating (Refer to UIS SOA Curve) 
Maximum Power Dissipation 

Tc = +250C. 

Above Tq =+ 25 OC, Derate Linearly. 

Operating and Storage Junction. 

Temperature Range 



RFG60P05E 

RFG60P06E 

UNITS 

• • • VdSS 

-50 

-60 

V 

•••VdGR 

-50 

-60 

V 

.Id 

-60 

-60 

A 

.idm 

-150 

-150 

A 

.... Vgs 

±20 

±20 

V 

.... Esd 

2 

2 

KV 

......Pd 

190 

215 

W 


1.27 

1.43 

W/OC 

Tj,TstG 

-55 to+175 

-55 to+175 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed, 
copyright © Harris Corporation 1994 


File Number 2745.2 
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Specifications RFG60P05E 


Electrical Characteristics (Tc = + 250 C) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVbsS 

lD = 0.25mA,VGS = 0V 

-50 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VqS = Vds» b = 0-25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

loss 

Vds = -40V, Vqs = OV 

- 

1 

jiA 

Tc = 150OC 

- 

50 

mA 

Gate-Source Leakage Current 

Igss 

Vgs = ±20V 

- 

100 

nA 

Static Drain-Source on Resistance 

rDSfon) 

id = 6oa,vgs = -iov 

- 

0.026 

a 

Turn-On Time 

W) 

Vdd =-25V, Id = 30A 

Igl = Ig2 = 2.0A 

VgS (clamp): -1 OV, +0.6V 

Rl = 0.83 fl 

- 

125 

ns 

Turn-On Delay Time. 

fd(on) 

20(typ) 

- 

ns 

Rise Time 

tr 

70(typ) 

- 

ns 

Turn-Off Delay Time 

kl(off) 

65(typ) 

- 

ns 

Fall Time 

tf 

20(typ) 

- 

ns 

Turn-Off Time 

•(off) 

- 

125 

ns 

Total Gate Charge 

Qg(total) 

VGS = 0to-20V 

Vdd =-40V 

Id = 60 A 

Rl = 0.67a 

- 

450 

nC 

Gate Charge at -1OV 


1 

0 

0 

II 

CO 

- 

225 

nC 

Threshold Gate Charge 

Qg(th) 

VGS = 0to-2V 

- 

15 

nC 

Plateau Voltage 

V(piateau) 

Id = 60A, Vds = -1 sv 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

Eoff 


■ 

300 

mJ 

Thermal Resistance, Junction to Case 

Rqjc 


- 

0.79 

OC/W 

Thermal Resistance, Junction to Ambient 

f^ejA 


- 

80 

oc/w 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

•SD - OOA 

- 

1.5 

V 

Reverse Recovery Time 

trr 

•SD ~ OOA, d|SD/dt = 10OA/fjs 

- 

200 

ns 
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Specifications RFG60P06E 


Electrical Characteristics (Tc = + 250 C) Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 


lD = 0.25mA,VGS = 0V 

-60 

- 

V 

Gate Threshold Voltage 


VqS = VdS* >0 = 0-25 mA 

-2 

-4 

V 

Zero Gate Voltage Drain Current 

>DSS 

Vds = -48V,Vgs = 0V 

- 

1 

pA 

Tg = 150OC 

- 

50 

pA 

Gate-Source Leakage Current 

•gss 

Vgs = ±20V 

- 

100 

nA 

Static Drain-Source on Resistance 

•■DSfon) 

Id = 60A,Vgs = -10V 

- 

0.030 

n 

Turn-On Time 

^(on) 

Vdd=-30V,Id = 30A 

Igl = Ig2 = 2.0A 

VqS (clamp)*--10V,+0.6V 

Rl = 1 .on 

- 

125 

ns 

Turn-On Delay Time 

tdfon) 

20(typ) 

- 

ns 

Rise Time 

V 

60(typ) 

- 

ns 

Turn-Off Delay Time 

fd(off) 

65{typ) 

- 

ns 

Fall Time 

tf 

20{typ) 

- 

ns 

Turn-Off Time 

*(otf) 

- 

125 

ns 

Total Gate Charge 

Qgftotal) 

VGS = 0to-20V 

Vdd = “48V 

Id = 60A 

Rl = o.sn 

- 

450 

nC 

Gate Charge at -1OV 

Qg(-IOV) 

VGS = 0to-10V 

- 

225 

nC 

Threshold Gate Charge 

Qg(th) 

VGS = 0to-2V 

- 

15 

nC 

Plateau Voltage 

V(piateau) 

Id = 60A, Vds = -15V 

- 

-8 

V 

Turn-Off Energy Loss per Cycle 

Eoff 

Vdd=-30V, Id = 30A, Rl = 1 .on 

L = 0.2MH,lg1 =lg2 = 2.0A 

Vqs (clamp)- -1 OV, +0.6V 

■ 

300 

B 

Thermal Resistance, Junction to Case 

R0JC 


- 

0.70 

OC/W 

Thermal Resistance, Junction to Ambient 

Roja 


- 

80 

OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Diode Forward Voltage 

VSD 

ISD = OOA 

- 

1.5 

V 

Reverse Recovery Time 

trr 

•SD = OOA, d|SD/dt = 100A/)iS 

- 

200 

ns 
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DRAIN CURRENT'Cld) - RMPS - las - AMPS DRAIN CURRENT (Id! - AMPS 


RFG60P05B, RFG60P06E 



DRAIN-TO.-SOURCE VOLTAGE (Vds) - VOLTS DRAIN-TO-SOURCE VOLTAGE (VdB) - VOLTS 

1. RFG60Pd5E - SAFE OPERATING AREA CURVE FIGURE 2. RFG60P06E - SAFE OPERATING AREA CURVE 



TIME IN AVALANCHE (lav) -MILLISECONDS. . • TIME IN AVALANCHE (lav) -MILLISECONDS 

FIGURE 3. RFG60P05E - UNCLAMPED-INDUCTIVE- FIGURE 4. RFG60P06E - UNCLAMPED-INDUCTIVE- 

SWITCHING SOA (SINGLE PULSE UlS SOA) SWITCHING SOA (SINGLE PULSE UlS SOA) 



CASE TEMPERATURE (Tc) - degC CASE TEMPERATURE (Tc) - dogC 


FIGURE 5. MAXIMUM CONTINUOUS DRAIN CURRENT FIGURE 6. NORMALIZED POWER DISSIPATION VS 

VS TEMPERATURE TEMPERATURE 
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NORMALIZED RdsCon) ON-STATE DRAIN CURRENT tldCon)] 


RFG60P05E, RFG60P06E 
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NORMALIZED DRAIN-TO-SOUR.CE 
BREAKDOWN VOLTAGE'CBVdas) - VOI 


RFG60P05E, RFG60P06E 



-50 0 50 100 150 21 

JUNCTION TEMPERATURE (TJ)-d0gC 

FIGURE 13. DRAIN SOURCE BREAKDOWN VOLTAGE 
VS TEMPERATURE 


\ 










“TT- 

... 

C1 as 



rV- 
\ ^ 


-Coaa- 




_ 

Craa 


- ^ -- 


0 -5 -lO -15 -20 

DRRIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 

FIGURE 14. TYPICAL CAPACITANCE VS VOLTAGE 



Ig(REF) 

|Q(ACT) ®°lg(ACT) 

TIME-MIGROSECONDS 

FIGURE 15. RFG60P05E - NORMALIZED SWITCHING 
WAVEFORMS FOR CONSTANT 
GATE-CURRENT 



lg(ACT) lg(ACT) 

TIME-MICROSECONDS 

FIGURE 16. RFG60P06E - NORMALIZED SWITCHING 
WAVEFORMS FOR CONSTANT 
GATE-CURRENT 


VARY tp TO OBTAIN 
REQUIRED PEAK Iar R^ 



INVERTED / \ 


FIGURE17a. UlS TEST CIRCUIT 
VdO 



FIGURE 17b. UlS WAVEFORMS 


!♦ Ton H 

Td(on)-h--^-*l - Tr 


‘Toff* 


GATE CUnnEKT 


FIGURE 18a. SWITCHING TEST CIRCUIT 


FIGURE 18b. SWITCHING WAVEFORMS 
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2N6901 


August 1991 


N-Channel Logic Level 
Power MOS Field-Effect Transistors (L^FET) 


Features 

• 1.69A, 100V 
•|DS(on) = 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6901 is an N-chanriel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sourced in applications such as programma¬ 
ble controllers, automotive switching, and solenoid drivers. This per¬ 
formance is accomplished thrpugh a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6901 is supplied in the JEDEC TO-205AF metal package. 


Absolute Maximum Ratings (Tc ^ +259C), Unless Otherwise Specified 


Package 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Drain-Source Voltage ... 

Drain-Gate Voltage (Rqs ^ ■ 

Continuous Drain Current 
Tc = +25C^C .. 


Maximum Power Dissipation 

Tc = +250C.,.. 

Above Tc r +2SOQ, Derate Linearly 


At distance >1 /8 in. (3.17mm) from seating plane for 10s max 
*JEDEC registered values 



2N6901 

UNITS 

• • • Vps 

TOO* 

V 

•••VdGR 

100 * 

V 

...... Id , 

1.69^ 

A 

.... .Idm 

5* 

A 

• •. . Vqs 

±10* 

V 

. Pd 

8.33* 

W 


0.0667* 

W/OC 

Tj,TstG 

-55 to+150* 

OC 

. .Tl 

260* 

oc 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1877.1 
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Specifications 2N6901 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

rrrHi 


Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA, Vgs = 0 

iniii 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs - Vdsi Id = 1 mA 

1 

Bi 

V 

Zero Gate Voltage Drain Current 

loss 

Vds = 80V 

— 

1 




Tc=125°C, Vds = 80V 

— 

ESI 

Gate-Source Leakage Current 

less 

Vgs = ±10 V, Vds = 0 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)a 

Id= 1.07 A, Vgs = 5V 

— 

1.5 

\/ 



Id = 1.69 A, Vgs = 5V 

— 

2.4 


Static Drain-Source On Resistance 

rDs(on)a 

Id= 1.07A, Vgs = 5V 

— 

1.4 

0 



Tc = 125°C, Id = 1.07 A, Vgs = 5 V 

— 

2.6 

Forward Transconductance 

gts* 

Vds = 5 V, Id = 1.07 A 

iSfffil 

CTIiIil 


Input Capacitance 

Ci88 

Vds = 25 V 

EM 

BEI 


Output Capacitance 

Co88 

Vgs = 0 V 

EM 

EM 


Reverse Transfer Capacitance 

Crss 

f = 0.1 MHz 

5 

EM 


Turn-On Delay Time 

td(on) 

Vdd = 50 V 

— 

Bl 


Rise Time 

tr 

Id= 1.07 a 

— 

Em 

ns 

Turn-Off Delay Time 

td(off) 

Rgen - Rg8 =15 0 

— 

Ka 


Fall Time 

tf 

Vgs = 5 V 

— 

la 


Thermal Resistance Junction-to-Case 

Rfliic 


— 

Em 

°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

rnni 


Diode Forward Voltage 

VSD* 

lsD = 1.69A 

EO 

na 

V 

Reverse Recovery Time 

trr 


— 

lEtl 

ns 


*ln accordance with JEDEC registration data, 
apulsed: Pulse duration = 300 yus max., duty cycle = 2%. 



DRAIN-TO-SOURCE VOLTAGE (Vqs)—V 


92CM-40707 


Fig. 1 - Maximum operating areas. 
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DRAIN TO SOURCE ON RESISTANCE 0’os^°"^i^ 



CASE TEMPERATURE (Tc )-‘’C 92CS-4072I 

2 - Power dissipation vs. temperature derating curve. 


JUNCTION TEMPERATURE (Tj )-“C 92CS-40730 

Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 


2 VGs=-t-5v :: 


-50 0 50 100 150 

JUNCTION TEMPERTURE (Tj )-“C . 9203-40731 

4 - Typical normalized drain-to-source on resistance to 
junction temperature. 


PULSE TEST 

PULSE DURATI0N=80^s 

DUTY CYCLE < 2 % 



GATE-TO-SOURCE VOLTAGE (Vgs)-V 92CS-37343 

Fig. 5 - Typical transfer characteristics. 


pulse test 

::: pulse duration=80ms 

DUTY CYCLES 2 % 




FREQUENCY (1) = 1 MHz 
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FORWARD TRANSCONDUCTANCE (gfs)-mho 


2N690t 



Fig. 8 - Typical forward transconductance as a function of 
drain current 



Fig. 9 - Switching time test circuit. 











































^ HARRIS 2N6902 

N-Channel Logic Level 

August 1991 Power MOS Field-Effect Transistors (L^FET) 


Features 

• 12 A, 100V 

• rDS(on) = 0-2^1 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6901 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (5V) driving sources in applications such as programma¬ 
ble controllers, automotive switching, and solenoid drivers. This per¬ 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6902 is supplied in the JEDEC TO-204AA steel package. 


Package 


TO-204AA 

BOTTOM VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = + 25 OC), Unless Otherwise Specified 




2N6902 

UNITS 

Drain-Source Voltage. 

.Vds 

100* 

V 

Drain-Gate Voltage (Rqs = ^ Mfl) . 

.Vdgr 

100* 

V 

Continuous Drain Current 




Tc = +250C... 

. • Id 

12* 

A 

Pulsed Drain Current. 

. Idm 

30* 

A 

Gate-Source Voltage. 

.Vqs 

±10* 

V 

Maximum Power Dissipation 




Tc = +250C. 

.Pd 

75* 

W 

Above Tc = +25^C, Derate Linearly. 


0.6* 

W/OC 

Operating and Storage Junction Temperature Range. 

.■|■J,TSTG 

-55 to+150* 

OC 

Maximum Lead Temperature for Soldering... 

.Tl 

260* 

OC 


At distance >1/8 in. (3.17mm) from seating plane for 10s max 


*JEDEC registered values 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed, Number 1 878 1 

Copyright © Harris Corporation 1991 
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Specifications 2N6902 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc = 25° C) unless otherwise specified 






LIMITS 



CHARACTERISTIC 


TEST CONDITIONS 



UNITS 



MIN. 

MAX. 




* 

Drain-Source Breakdown Voltage 

BVdss 

Id - 1 mA, Vgs - 0 

100 


V 

* 

Gate Threshold Voltage 

VGs(th) 

Vgs - Vds. Id - T mA 

1 

2 


* 

Zero Gate Voltage Drain Current 

loss 

Vds = 80V 

— , 

1 





Tc = 125° C, Vds = 80 V 

. 

50 

* 

Gater-Source Leakage Current 

loss 

Vgs = ±10 V, Vds = 0 

—. ■ 

100 

nA 


Drain-Source On Voltage 

VDs(Qn)a 

Id = 7.6 A, Vgs = 5 V 


1.52 





Id = 12 A, Vgs = 5 V 


3.3 


* ^ 

Static Drain-Source On Resistance 

rDs(oh)a 

Id = 7.6 A 


0.2 





Tc=125°C, Id=7.6 A, Vgs=5 V 

— 

0.32 

*' 

Forward Transconductance 

gfs® 

Vds - 5 V, Id = 7.6 A 

• ' 3' • 

12 

mho 


Input Capacitance 

Ci88 

Vds = 25V 

350 

900 


'4 

Output Capacitance 

■BH 

> 

o 

II 

CO 

100, 

325 

pF 


Reverse-Transfer Capacitance 


f = 0.1 MHz f 

25 

100 


- 

Turn-Qn Delay Time 

td(on) 

,VDb = 50V 

^ ■ 

50 


* 

Rise Time 

- ; , 

' ' Ib f 7:6 V 


150 

ns 

* 

Turn-Off Delay Time 

td(off) 

Rgen = Rgs ^ 15 0 • 


130 

* 

FallTime 


/ Vgs -5 V 

\' . 

150 


* 

Thermal Resistance Junctipn-tQ-Case 

R^jc 



,1.67 

°C/VV 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERfSTJCS 


CHARACTERISTIC 


TEST CONDITIONS 

LIMITS 

UNITS 


MIN. 

MAX; 

Diode Forward Voltage 

VsD® 

. JsD.-12 A '", 

0.8 

1.6 

\V 

Reverse Recovery Time 

trr 

dip/dt - 100 A7/^s 


375 

ns 


* In aGCordance with JEPEC registration data, 
apulsedr Pulse dyration = 300 a<s, max., duty cycle = 2%. 
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©HARRIS 2N6903 


January 1994 


N-Channel Logic Level 
Power MOS Field-Effect Transistors (L^FET) 


Features 

• 0.98A, 200V 

• i^DSCon) = 3.65a 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6903 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level {5V) driving Sources in applications such as programma¬ 
ble controllers, automotive switching, and solenoid drivers. This per¬ 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6903 is supplied in the JEDEC TO-205AF metal package. 


Package 


TO-205AF 
BOTTOM VIEW 


SOURCE 


GATE 



DRAIN 

(CASE) 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage ...... 

Drain-Gate Voltage (Rqs = 1 Mfi)... 

Continuous Drain Current 

Tc = +250C.. 

Pulsed Drain Current... 

Gate-Source Voltage.... 

Maximum Power Dissipation 

Tc = +250C..... 

Above Tc = +250C, Derate Linearly ..... 

Operating and Storage Junction Temperature Range. 

Maximum Lead Temperature for Soldering .... 

At distance >1/8 In. (3.17mm) from seating plane for 10s max 

*JEDEC registered values 



2N6903 

UNITS 

...• Vds 

200* 

V 

• • •VdGR 

200* 

V 

. Id 

0.98* 

A 

.idm 

4* 

A 

.... Vgs 

±10* 

V 

.Pd 

8.33* 

W 


0.0667* 

W/OC 

Tj.TstG 

-55 to+150* 

OC 

.Tl 

260* 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjlg Number 1 879.2 

Copyright © Harris Corporation 1994 
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Specifications 2N6903 


ELECTRICAL CHARACTERISTICS at Case Temperature (Tc) = 25°C unless otherwise specified. 



CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 



rrrai 

* 

Drain-Source Breakdown Voltage 

BVdss 

Id = 1 mA, Vgs = 0 

KIS!il 

— 

V 

* 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds> Id ~ 1 mA 

1 

2 

V 

* 

Zero Gate Voltage Drain Current 

loss 

Vds = 160V 

— 

mm 





Tc=125°C, Vds = 160V 

— 

EM 

* 

Gate-Source Leakage Current 

loss 

Vgs = ±10V, Vds = 0 

— 

KBTSl 

nA 

* 

Drain-Source On Voitage 

Vos(on)a 

Id = 0.62 A, Vgs = 5 V 

— 


\/ 




Id = 0.98 A, Vgs = 5 V 

— 

WM 


* 

Static Drain-Source On Resistance 

rDs(on)a 

Id = 0.62 A, Vgs = 5 V 

— 

3.65 





Tc = 125°C, Id = 0.62 A, Vgs = 5 V 

— 

7.7 


Forward Transconductance 

gts® 

Vds = 5 V, Id = 0.62 A 

500 

ggiiii 

mmho 

* 

Input Capacitance 

Ci88 

Vds = 25 V 

50 



* 

Output Capacitance 

Co88 

Vgs = 0 V 

15 

60 

pF 

* 

Reverse Transfer Capacitance 

Crss 

f = 0.1 MHz 

2 

EM 


* 

Turn-On Delay Time 

td(on) 

Vdd= 100 V 

— 

1^ 


* 

Rise Time 

tr 

Id = 0.62 A 

— 

30 


* 

Turn-Off Delay Time 

td(off) 

Rgen ~ Rgs = 1 5 fi 

— 

40 


* 

Fall Time 

tf 

Vgs = 5 V 

— 

80 



Thermai Resistance Junction-to-Case 

Rfluc 


— 

mm 

°C/W 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

Min. 

Max. 

Diode Forward Voltage 

CO 

o 

0) 

> 

IsD = 0.98 A 

0.8 

1.6 

V 

Reverse Recovery Time 


... '■■■ 

— 

pgltl 

ns 


*ln accordance with JEDEC registration data. 
flPuised: Puise duration = 300 /us max., duty cycle = 2%. 
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Fig. 1 - Maximum operating areas. 
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2N6903 



CASE TEMPERATURE (Tc)-®C e2cs-40743 

Fig. 2 - Power dissipation vs. temperature derating curve. 



92CS-40745 


Fig. 3 - Typical normalized gate threshold voltage as a 
function of junction temperature. 



Fig. 4 - Typical normalized drain-to-source on resistance to 
junction temperature. 




DRAIN CURRENT {Ld)-A 92CS-373I2 

Fig. 6 - Typical drain-to-source on resistance as a function of 
drain current. 
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Fig. 7 - Capacitance as a function of drain-to-source voltage. 
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^ HARRIS 2N6904 

N-Channel Logic Level 

August 1991 Power MOS Field-Effect Transistors (L^FET) 


Features 

• 8A, 200V 

• »'DS(on) = 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from QMOS, NMOS, JTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The 2N6904 is an N-channel enhancement-mode silicon-gate 
power MOS field-effect transistor specifically designed for use with 
logic level (SV) driving sources in applications such as programma¬ 
ble controllers, automotive switching, and solenoid drivers. This per¬ 
formance is accomplished through a special gate oxide design 
which provides full rated conduction at gate biases in the 3V - 5V 
range, therefore facilitating true on-off power control directly from 
logic circuit supply voltages. 

The 2N6904 is supplied in the JEDEC TO-204AA steel package. 


Package 


TO-204AA 

BOTTOM VIEW 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage (Rqs = ^ MH). 

Continuous Drain Current 

Tc = +25OC... 

Pulsed Drain Current. 

Gate-Source Voltage. 

Maximum Power Dissipation 

Tq = + 25 OC. 

Above Tq = + 250 C, Derate Linearly. 

Operating and Storage Junction Temperature Range. 

Maximum Lead Temperature for Soldering. 

At distance >1/8 In. (3.17mm) from seating plane for 10s max 

*JEDEC registered values 



2N6904 

UNITS 

• ••• Vds 

200* 

V 

• •VdGR 

200* 

V 

. b 

8* 

A 

.idm 

20* 

A 

• • • • Vqs 

±10* 

V 

.Pd 

75* 

W 


0.6* 

w/oc 

Tj.TstG 

-55 to+150* 

OC 

.Tl 

260* 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. Number 1 880 1 

Copyright © Harris Corporatton 1991 
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SpecificBtions 2N6B04 


ELECTRICAL CHARACTERISTICS at Clise Temperature (Tc - 25°C) unless otherwise specified 


characteristic 

TESt CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage BVdss 

Id= 1 mA, Vgs = 0 . 



V 

Gate Threshold Voltage VGs(th) 

Vgs ^ VbSi Id “ 1 niA , 

1 

2 

V 

Zero Gate Voltage Drain Current loss 

Vds = 160V 

— ■■■ 

. t ' ' 

M 

Tc = 125°C, Yds = 160 V 


50 

Gate-Source Leakage Current Igss 

Vgs = ±10 V, Vds = 0 

— 

100 

nA 

Drain-Source On Voltage VDs(on)« 

Id = 5.1 A, Vgs = 5 V 

■ ' ' — ' ■■■ 



IdV8A,Vgs = 5V 


5.5 

Static Drain-Source On Resistance rDs(on)fi 

Id = 5.1A 


0.6 

Q 

Tc=125» C, Id=5.1 A, Vgs=5 V 

— 

1.11 

Forward Transcoiiductance gta® 

Vds-5 V, Id = 5.1 a 

3 ' 

12 

mho 

Input Capacitance Cisa 



900 


Output Capacitance Coaa 

75 


Reverse-Transfer Capacitance Craa 

20 

100 

Turn-On Delay Time td(on) 

Vdd = too V 

Id = 5.1 A 

Rgen .“ Rgs “ 1 5 Q - v 

Vgs = 6V 


45 


/.R1se\flme''' ■ V:/ fr 


150 

Turn-Off Delay Time td(off) 

' , — : 

135 

FaliTime tf 


150 

Thermal Resistance Junction-to-Case R^jc 



1.67 



SpURCE.pRAIN PIODE RATINGS ANP CHARACTERISTICS 


CHARACTERISTIC 


LIMITS 

UNITS 

MIN. 

Max. 

Diode Forward Vbitage VsdA 

Isp = 6 A 

0.8 

1.6 

V 

Reverse Recovery Time W 

if=-4A 

dip/dt = too A/^fS 


625 

ns 


* In accordance with JEDEC registration data, 
apulsed: Pulse duration = 300 /ws, max., duty cycle = 2%. 































POWER DISSIPATION (Pj) 
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DRAIN-TO-SOURCE RESISTANCE (on)]-OHMS 
















































































Package 


Features 

• 1A, 80V and 100V 

• »'DS(0N) = 1-2^^ 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 

Description 

The RFL1N08L and RFL1N1OL are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases In the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFL series types are supplied in the JEDEC TO-205AF 
steel package. 


Absolute Maximum Ratings (Tq = T-250C) Unless Otherwise Specified 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Continuous Drain Current 


Pulsed Drain Current. 


Maximum Power Dissipation 

Tc = +250C .. 

Above Tc = +250C, Derate Linearly .. 

Operating and Storage Junction Temperature Range. 




RFL1N08L 

RFL1N10L 

UNITS 

•••• VdS 

80 

100 

V 

• • •VdGB 

80 

100 

V 

. Id 

1 

1 

A 

.Idm 

5 

5 

A 

•••• Vqs 

±10 

±10 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

TJ,TSTG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Cofjyright © Harris Corporation i ds 1 


File Number 1510.1 
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Specifications RFL1N08L, RFL INIOL 


Electrical Characteristics (Tq = + 250 C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N08L 

RFL1N10L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1mA,VGs = 0 

80 

- 

100 

- 

V 

Gate Threshold Voltage 

VGS(th) 

Vgs=Vds. Id = 1 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

'dss 

Vds = 65V 

- 

1 

- 

- 

fA 

Vds = 80V 

- 

- 

- 

1 

fA 

Tc = +1250C 

Vds = 65V 

■ 

50 

_ 

_ 

fa 

Vds = 80V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

•gss 

Vgs = ±10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

!d = 1A,Vgs = 5V 

- 

1.2 

- 

1.2 

V 

Id = 2A,Vgs = 5V 

- 

2.9 

- 

2.9 

V 

Static Drain-Source On Resistance 

I'DSCon)* 

Id = 1A,Vgs = 5V 

- 

1.2 

- 

1.2 

a 

Forward Transconductance 

gfs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

s(y) 

Input Capacitance 

C|SS 

Vgs = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Coss 

- 

80 

- 

80 

PF 

Reverse Transfer Capacitance 

Crss 

- 

35 

- 

35 

pF 

Turn-On Delay Time 

fd{on) 

Id = 1A, Vdd = 50V 

Rgen=«'» 

RGS = 6.25V, Vgs = 5V 

10{typ) 

25 

10{typ) 

25 

ns 

Rise Time 

tr 

15(typ) 

45 

15(typ) 

45 

ns 

Turn-Off Delay Time 

fd{off) 

25(typ) 

45 

25{typ) 

45 

ns 

Fall Time 

tf 

30(typ) 

50 

30{typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

15 

- 

15 

OC/W 


* Pulsed: Pulse duration = 300jjs max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL1N08L 

RFL1N10L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

ISD =-1A 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

frr 

IF = 2A 

d|F/dt=50A/FS 

lOO(typ) 

o 

o 

2 ^ 

a 

o 

o 

lOO(typ) 

ns 


* Pulse Test: Width < SOO^is, Duty Cycled 2%. 
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POk’ER DISSIPATION MULTIPLIER 


RFL1N08L, RFL1N10L 


CASE TEMPERATURE CTc)°25°C 


OPERATION IN THIS AREA 
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DRAIN-TO-SOURCE VOLTAGE (Yds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 



Fig. 2 — Power dissipation vs. temperature derating curve 
for all types. 



92CS-3734I 

Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



92CS-37342 

Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 



GATE-TO-SOURCE VOLTAGE (Vqs)-V 


92CS-37343 

Fig. 5 — Typical transfer characteristics for all tyoes. 
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August 1991 


RFL1N15L 

N-Channel Logic Level 
Power Field-Effect Transistors (L^FET) 


Features 

• 1A, 120V and 150V 

• rDSCON) = 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL1N12L and RFL1N15L are N-channel enhancement- 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFL series types are supplied in the JED EC TO-205AF 
metal package. 



Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Continuous Drain Current 


Pulsed Drain Current. 


Maximum Power Dissipation 


Above Tq = +250C, Derate Linearly. 

Operating and Storage Junction Temperature Range. 



RFL1N12L 

RFL1N15L 

UNITS 

.... Vds 

120 

150 

V 

•..VdGR 

120 

150 

V 

.Id 

1 

1 

A 

.Idm 

5 

5 

A 

Vgs 

±10 

±10 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

TJ,TSTG 

-55 to+150 

-55 to+150 

oc 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1513.1 
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Specifications RFL1N12L, RFL1N15L 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N12L 

RFL1N15L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1mA,VGS = 0 

120 

- 

150 

- 

V 

Gate Threshold Voltage 

VGS{th) 

VgS = VdS» Id = 2mA 

Bi 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

Idss 

Vds = ioov 

- 

1 

- 

- 

jiA 

Vds = 120V 

- 

- 


■■ 

pA 

Tc = +1250C 

■ 

50 

■ 

■ 

pA 

Vds=120V 

- , 

- . 


50 

mA 

Gate-Source Leakage Current 

loss 

Vgs = ±10V, Vds = 0 

- 

TOO . 


100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A.Vgs = 5V 

- 

1.9 


1.9 

V 

Id = 2A,Vgs = 5V 


4.6 

- 

mm 

V 

Static Drain-Source On Resistance 

»'DS{on)* 

Id = 1A,Vgs = 5V 

- 

1.9 

- 

1.9 

n 

Forward Transconductance 

gfs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

S(i5) 

Input Capacitance 

C|SS 

Vgs = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

pF 

Output Capacitance 

coss 

- 

80 

- 

80 

PF 

Reverse T ransfer Capacitance 

CrsS 

- 

35 

- 

35 

pF 

Turn-On Delay Time 

fd(on) 

ID = 1 A, Vdd = 75V 

Rgen = '=®» 

Rgs = 6.250, Vgs = 5V 

10(typ) 

25 

10{typ) 

25 

ns 

Rise Time 

V 

10(typ) 

45 

10(typ) 

45 

ns 

Turn-Off Delay Time 

td(off) 

24{typ) 

45 

24(typ) 

45 

ns 

Fall Time 

ff 

30{typ) 

50 

30{typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

Rqjc 


- 

15 

- 

15 

OC/W 


* Pulsed: Pulse duration = 300|is max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL1N12L 

RFL1N15L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

Isd = -ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

frr 

If = 2A 

dip/dt = 50A/ps 

150(typ) 

150(typ) 

150(typ) 

150(typ) 

ns 


* Pulse Test: Width < 300ms, Duty Cycle < 2%. 
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RFL1N12L/RF11N15L 


CASE TEMPERATURE (Tc)=25°C 


OPERATION IN THIS AREA 
^ LIMITED BY RdeCon) 


■niiiH 


10 too 

DRAIN-TO-SOURCE VOLTAGE (Yds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 



25 50 , 75 . . .100 125, 1! 

CnSE TEMPEROTURE ( Tc) - C 

Power dissipation vs. case temperature derating curve 
for all types. 




JUNCTION TEMPERATURE (Tjl — oc 

92CS-37333 

Fig. 3 — typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


PULSE TEST 

PULSE DURATI0N = 80;xS 



.JUNCTION TEMPERATURE (Tj )-“€ . 

; . '92CS.-37334' ■■ 


GATE-TO-SOURCE VOLTAGE (,Vss)-V 

92CS-34335 


4 — Normalized drain-td-source on resistance to 
junction temperature for all types. 


Fig 5 — Typical transfer characteristics for all types. 


LOGIC LEVEL 
POWER MOSFETs 


































FORWARD TRANSCONDUCTANCE 1 05 | DRAIN-TO-SOURSE ON RESISTANCE trDs( 


RFL1N12L, RFL1N15L 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN-7254 and AN-7260. 



DRAIN CURRENT ( Xq) —A 

92CS-37338 

~ Typical drain-to-source on resistance as a function 
of drain current for all types. 




92CS-37337 

Fig. 7 — Typical saturation characteristics for all types. 
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DRAIN-TO-SOURCE VOLTAGE (VogJ-V 

92CS-36158 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


75ii 



Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 11 — Switching Time Test Circuit. 
























































Package 


Features 

• 1A, 180V and 200V 

• ''DS(ON) = 3.650 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL1N18L and RFL1N20L are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFL series types are supplied in the JED EC TO-205AF 
rtietal package. 


Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 


Continuous Drain Current 

RMS Continuous .. 

Pulsed Drain Current... 


Maximum Power Dissipation 

Tc = +250C .. 

Above Tc = +250C, Derate Linearly 




RFL1N18L 

RFL1N20L 

UNITS 

.... VdS 

180 

200 

V 

•••VdGR 

180 

200 

V 

.Id 

1 

1 

A 

.idm 

4 

4 

A 

.... Vqs 

±10 

±10 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

TJ,TSTG 

“55 to +150 

-55 to +150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be foltov/ed. 
Copyright © Harris Corporation 1991 


File Number 1511.1 
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LOGIC LEVEL 
POWER MOSFETs 















Specifications RFL fN18L, RFL 1N20L 


Electrical Characteristics {Tq = +250C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFL1N18L 

RFL1N20L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

lD = 1mA,VGS = 0 

180 

- 

200 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VgS = Vds. Id = 1'^A 

Bi 

2 

— 

2 

V 

Zero-Gate Voltage Drain Current 

bss 

Vds = 145V 

- 

1 

- 

- 

fiA 

Vds = 160V 

- 

- 

- 

1 

mA 

Tc = +1260C 

Vds = 145V 

■ 

50 

■ 

■ 

fiA 

Vds = 160V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

•gss 

Vgs = ±10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

Id = 1A.Vgs = 5V 

- 

3.65 

- 

3.65 

V 

Id = 2A,Vgs = 5V 

- 

9.3 

- 

9.3 

V 

Static Drain-Source On Resistance 

rDS{on)* 

ID = 1A,Vgs = 5V 

- 

3.65 

- 

3.65 

n 

Forward Transconductance 

9fs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

S(U) 

Input Capacitance 

C|SS 

VqS = OV, Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

Coss 

- 

60 

- 

60 

PF 

Reverse Transfer Capacitance 

CrsS 

- 

35 

- 

35 

pF 

Turn-On Delay Time 

^d(on) 

Id = ia, Vdd = 100V 

Rgen=«>» 

RGS = 6.25V, Vgs = 5V 

10{typ) 

25 

10{typ) 

25 

ns 

Rise Time 

tr 

10{typ) 

30 

10(typ) 

30 

ns 

Turn-Off Delay Time 

td(off) 

25(typ) 

40 

25(typ) 

40 

ns 

Fall Time 

tf 

30(typ) 

50 

30{typ) 

50 

ns 

Thermal Resistance Junction-to-Case 

Rqjc 


- 

15 

- 

15 

OC/W 


* Pulsed: Pulse duration = 300fis max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL1N18L 

RFL1N20L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

Isd = -ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

frr 

IF = 2A 

d|F/dt = 50A/FS 

200 (typ) 

200 (typ) 

200 (typ) 

200 (typ) 

ns 


* Pulse Test: Width < SOO^s, Duty Cycle < 2%. 
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RFL1N18L RFL1N20L 


CASE TEMPERATURE CTc)=25°C 


OPERATION IN THIS AREA 
LIMITED BY RdeCon) 



to too 

DRAIN-TO-SOURCE VOLTAGE (Vds) - VOLTS 
Fig. 1 — Maximum operating areas for all types. 





25 50 75 

CnSE TEMPERniURE (Tc) 


Power dissipation vs. temperature derating curve 
for all types. 



JUNCTION TEMPERATURE (Tjj-^C 

92CS-37307 


Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 


nimnnrannmaaBai 



4Vds='5V 
PULSE TEST 
PULSE DURATION = 80 
DUTY CYCLE < S 



JUNCTION TEMPERATURE (Tj )-"C 

92CS-37308 


GATE-TO-SOURCE VOLTAGE ( Ves)-V 


- Normalized drain-to-source on resistance to 
junction temperature for all types. 


Fig. 5 — Typical transfer characteristics for all types. 


LOGIC LEVEL 
POWER MOSFETs 





































RFL1N18L, RFL1N20L 



Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 



DRAIN CURRENT (I.d)-A 

92CS-373I2 


Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 



Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 



Fig. 7 — Typical saturation characteristics for all types. 



92CS-36090 

Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 


lOOSl 



Fig. 11 Switching Time Test Circuit. 





















































































Package 


Features 

• 2A, 50V and 60V 

• ''DS{ON) = 0.95n 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFL2N05L and RFL2N06L are N-channel enhancement- 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFL series types are supplied in the JED EC TO-205AF 
metal package. 


Absolute Maximum Ratings {Tq = +250C) Unless Otherwise Specified 


TO-205AF 
BOTTOM VIEW 


DRAIN 

(CASE) 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 


Drain-Gate Voltage (Rqs = ^ MH) . 
Continuous Drain Current 


Gate-Source Voltage. 

Maximum Power Dissipation 




Above Tq = +250C, Derate Linearly. 

Operating and Storage Junction Temperature Range. 



RFL2N05L 

RFL2N06L 

UNITS 

.... Vds 

50 

50 

V 

•••VdGR 

50 

60 

V 

.Id 

2 

2 

A 

.Idm 

10 

10 

A 

■ ■ ■ • Vgs 

±10 

±10 

V 

.Pd 

8.33 

8.33 

W 


0.0667 

0.0667 

W/OC 

TJ,TSTG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 1560.1 
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Specifications RFL2N05L, RFL2N06L 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 


LIMITS 

UNITS 

TEST CONDITIONS 

RFL2N05L 

RFL2N06L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

lD = 1mA,VGS = 0 

50 

- 

60 

- 

V 

Gate Threshold Voltage 

VGS{th) 

VGS = VDsJD = 2mA 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

bss 

Vqs = 40V 

- 

1 

- 

- 

pA 

Vds = 50V 

- 

- 

- 

1 

mA 

Tc = +1 250 c 

VdS = 40V 

■ 

50 

■ 

■ 

fA 

Vds = 50V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

'gss 

VgS = ±10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

Id = 1A,Vgs = 5V 

- 

0.95 

- 

0.95 

V 

Id = 2A,Vgs = 5V 

- 

2.0 

- 

2.0 

V 

Id = 4A,Vgs = 7.5V 

- 

4.8 

- 

4.8 

V 

Static Drain-Source On Resistance 

'■DS(on)* 

Iq = 1A,Vgs = 5V 

- 

0.95 

- 

0.95 

a 

Forward Transconductance 

Qfs* 

«d = ia,Vds = iov 

800 

- 

800 

- 

S(U) 

Input Capacitance 

C|SS 

Vgs = 0V.Vds = 25V 
f=1MHz 

- 

225 

- 

225 

PF 

Output Capacitance 

Coss 

- 

100 

- 

100 

PF 

Reverse Transfer Capacitance 

CrsS 

- 

40 

- 

40 

PF 

Turn-On Delay Time 

fd(on) 

Id = 1A, Vdd = 30V 

Rgen = «>. 

Rgs = 6.25V, Vgs = 5V 

10 (typ) 

20 

10 (typ) 

20 

ns 

Rise Time 

tr 

65{typ) 

130 

65 (typ) 

130 

ns 

Turn-Off Delay Time 

fd(off) 

20 (typ) 

40 

20 (typ) 

40 

ns 

Fall Time 



30 (typ) 

60 

30 (typ) 

60 

ns 

Thermal Resistance Junction-to-Case 

Rqjc 


- 

15 

- 

15 

OC/W 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFL2N05L 

RFL2N06L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 


CO 

D 

II 

> 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

Vr 

lp = 2A 

djp/dt = 10OA/fis 

150 (typ) 

150 (typ) 

150 (typ) 

150 (typ) 

ns 


* Pulse Test: Width < SOOjis, Duty Cycle < 2%. 
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POWER DISSIPATION MULTIPLIER 


RFL2N05L, RFL2N06L 



DRfilN-TO-SOURCE V0LTH6E (Vds) - VOLTS 


Fig. 1 - Maximum operating areas for all types. 



Fig. 2 - Power dissipation vs. case temperature derating curve 
for all types. 



Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 




NORMALIZED DRAIN-TO-SOURCE ON 
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-50 0 50 too 150 

JUNCTION TEMPERATURE (Tj )—<*C 

92CS-3817I 


VdS^IOV PULSE test = 
< PULSE DURATION=80^3; 

C3 DUTY CYCLES 2% : 

o 1 [ 1 1 1 1 1 1 ,[ 1 1 1 1 1 1 1 1 1 1 1 ( 

o --- 

iiiiii 
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rtf " " - 
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2 3 4 5 

GAT E-TO-SOURCE VOLTAGE (Vgs'-W 

92CS-38ir2 


Fig. 4 - Normalized drain-to-source on resistance vs. junction 
temperature for all types. 


Fig. 5 - Typical transfer characteristics for all types. 


6-33 


LOGIC LEVEL 
POWER MOSFETs 























Vqs - Volts 


RFL2N05L, RFL2N06L 



Fig. 6 “ Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 


PUL 

12 PUL 
DUT 
CAS 

"o ft OT 

lilli 

llillill 

iili 

aiillini 

millBHS 

ilHli 

illilli 

BSE 

ils 

ttKiiUKi 

Bi 

Hill 


HI 

::s 

HI 

KS 

:» 

siHHs:::::: 

liill 

■■•••■■■■■••I 

jjjijjjHjjjjHSjjiii 

iHglH 

::: 

iii 

iii 

iii 

IK! 


SSSSSSSSSSi 

ats:r/Ai\ 

I;kF»:S::s 

iii 

skkshh: 

rAiSttiiii 

iin|iiii|| 

9S!!!S!9!!! 

IHlHIilSM 

lilHlli 

!!!i!!!i 

ilgjSai 

jjjjijilBjMBI 

i 

in 

iii 

m 

2ii 

31 

0 

1 2 

3 4 5 

6' 7 


DRAIN-TO-SOURCE VOLTAGE.( Vds)“V 

92CS-38I73 


Fig. 7 - Typical saturation characteristics for all types. 



Fig. 8 - Typical drain-to-source on resistance as a function of 
drain current for all types. 



DRAIN-TO-SOURCE VOLTAGE (Vqs)-V 

92CS-38175 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 




Fig. 10 - Typical forward transconductance as a function of drain Fig. 11 - Switching Time Test Circuit 

current for all types. 
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Specifications RFW2N06RLE 


Electrical Characteristics Case Temperature (Tq) - +25*^0, Unless Otherwise Specified 


CHARACTERISTIC 



TEST CONDITIONS 


Drain-Source Breakdown 
Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Cur¬ 
rent 


BVdss Id = 0.25mA. Vgs = OV 


DS» Id = 0.25mA 


Vds = 60V.Vgs = 0V 



Gate-Source Leakage Current Igss Vgs =+10V, Vgs =-5V 


On Resistance 


Turn-On Time 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


Total Gate Charge 


Gate Charge at 5V 


Threshold Gate Charge 


Plateau Voltage 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Turn-Off Energy Loss per 
Cycle 


Thermal Resistance Junction 
to Ambient 


rDS{on) Id = 2A, Vgs = 5.0V, Iq = 2A, Vgs = 4.3V 


Vdd = 30V, Id = 2A, Rl = 15, Vqs = 5V, 
Bqs = 25Q 


Vgs = 0 to 10V 


VGs = 0to5V 


Vgs = 0 to 1V 


Vdd = 48V, 
Id = 2 A, 

RL = 24a 


bs = 25V, Vgs = 0V,f= 1MHz 


Vdd = 30V, Iq = 2A, L = 0.21pH, 
Rl = 15n, Vgs = 5V, Rgs = 25G 


LIMITS 


MIN TYP 



Source-Drain Diode Ratings And Characteristics 
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RFW2N06RLE 
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LOGIC LEVEL 
POWER MOSFETs 














































flFW2Nd6RLE 


Performance Curves (Continued) ^ 



FIGURE 7. NORMALIZED rDS(on) vs FIGURE 8. NORMALIZED rDs<on) vs JUNCTION TEMPERATURE 



FIGURE 9. NORMALIZED GATETHRESHOLD VOLTAGE vs FIGURE 10. NORMALIZED DRAIN SOURCE BREAKDOWN 

TEMPERATURE VQLTAQE vs TEMPERATURE 


Vas^^OV. FREQUENCY 



DRfllN-fO-SOURCE VOLTAGE,(Vds) ^ VOLTS 

FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 



FIGURE 12. TYPICAL SWITCHING WAVEFORMS FOR CON¬ 
STANT GATE CURRENT. REFER TO APPLICA¬ 
TION NOTES AN7254 AND AN7260 






RFW2N06RLE 
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m HAFURis RFP2N08L 

RFP2N10L 

N-Channel Logic Level 

August 1991 Power Field-Effect Transistors (L^FET) 


Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFP2N08L 

RFP2N10L 

UNITS 

Drain-Source Voltage. 

. Vds 

80 

100 

V 

Drain-Gate Voltage (Rqs = ^ . 

Continuous Drain Current 

. Vdgr 

80 

100 

V 

RMS Continuous. 

. Id 

2 

2 

A 

Pulsed Drain Current. 

.Idm 

5 

5 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vgs 

±10 

±10 

V 

Tc = +250C. 

.Pd 

25 

25 

W 

Above Tc = +250C, Derate Linearly. 


0.2 

0.2 

W/OC 

Operating and Storage Junction Temperature Range. 

.TJ,TSTG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


Features 

• 2A, 80V and 100V 

• »'DS{ON) = i.osn 

• Design Optimized for 5V Oate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N08L and RFP2N1OL are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Package 


TO-220AB 
TOP VIEW 


(FLANGE) ^ 

u_ 


. SOURCE 
> DRAIN 
•GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
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Specifications RFP2N08L RFP2N10L 


Electrical Characteristics (Tq = + 25 OC), Unless Otherwise Specified 





LIMITS 





RFP2N08L 

RFP2N10L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Drain-Source Breakdown Voltage 

BVdsS 

Iq = 1 mA, Vqs = 0 

80 

- 

100 

- 

V 

Gate Threshold Voltage 

VGS{th) 

Vqs = Vds» Id = 1 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

Idss 

VdS = 65V 

- 

1 

- 

- 

^A 



Vds = 80V 

- 

- 

- 

■■ 

fA 



Tc = +1250C 

Vds = 65V 

■ 

50 

■ 

■ 

fiA 



Vds = 80V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

igss 

Vgs = ±10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A,Vgs = 5V 

- 

1.05 

- 

1.05 

V 



Id = 2A,Vgs = 5V 

- 

2.5 

- 

2.5 

V 

Static Drain-Source On Resistance 

»'DS{on)* 

Iq = 1A,Vgs = 5V 

- 

1.05 

- 

1.05 

fl 

Forward Transconductance 

9fs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

S(U) 

Input Capacitance 

Qss 

VgS = 0V,Vds = 25V 

- 

200 

- 

200 

PF 

Output Capacitance 

coss 

f=1MHz 

- 

80 

- 

80 

PF 

Reverse Transfer Capacitance 

Crss 


- 

35 

- 

35 

pF 

Turn-On Delay Time 

td{on) 

Id = 1A. Vdd = 50V 

lO(typ) 

25 

lO(typ) 

25 

ns 

Rise Time 

V 

Rgen='». 

RGS = 6.25V, Vgs = 5V 

15(typ) 

45 

15(typ) 

45 

ns 

Turn-Off Delay Time 

^d{off) 

25(typ) 

45 

25{typ) 

45 

ns 

Fall Time 

tf 


20{typ) 

25 

20(typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

OC/W 


* Pulsed; Pulse duration = 300|iS max., duty cycle = 2%. 



Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2N08L 

RFP2N10L 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

Isd=-ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

IF=2A 

d|p/dt = SOA/fis 

a 

o 

o 

100 {typ) 

lOO(typ) 

1 

o 

o 

ns 


* Pulse Test: Width < 300jis, Duty Cycle < 2%. 
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LOGIC LEVEL 
POWER MOSFETs 
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LOGIC LEVEL 
POWER MOSFETs 
















































































































m HARRIS RFP2N12L 

RFP2N15L 

N-Channel Logic Level 

August 1991 Power Field-Effect Transistors (L^FET) 


Features 

• 2A, 120V and 150V 

• rDS(ON) = 1.75n 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NIVTOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N12L and RFP2N15L are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level {5V) driving sources in 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JED EC TO-220AB 
plastic package. 


Package 

TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 

u 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 

G 


S 




SOURCE 
DRAIN 
GATE 


Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFP2N12L 

RFP2N15L 

UNITS 

Drain-Source Voltage. 

. Vds 

120 

120 

V 

Drain-Gate Voltage (Rqs = . 

Continuous Drain Current 

. Vdgr 

120 

150 

V 

RMS Continuous. 

. Id 

2 

2 

A 

Pulsed Drain Current. 

. Idm 

5 

5 

A 

Gate-Source Voltage.. 

Maximum Power Dissipation 

.Vqs 

±10 

±10 

V 

Tc = +250C. 

.Pd 

25 

25 

W 

Above Tq = +250C, Derate Linearly. 


0.2 

0.2 

W/OC 

Operating and Storage Junction Temperature Range. 

.TJ,TSTG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be follovtred. 
Copyright © Harris Corporation 1991 


File Number 2874 
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Specifications RFP2N12L, RFP2N75L 


Electrical Characteristics (Tq = + 25 OC), Unless Otherwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2N12L 

RFP2N15L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1 mA, Vgs = 0 

120 

- 

150 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VgS = VdS* Id = 2mA 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

•dss 

Vds = 'Ioov 

- 

1 

- 

- 

|jA 

Vds = 120V 

- 

- 

- 

1 

IxA 

Tc = +1250C 
Vds=100V 

■ 

50 

■ 

■ 

liA 

Vds = 120V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

■gss 

Vgs = ±1 ov, Vds= o 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A,Vgs = 5V 

- 

1.75 

- 

1.75 

V 

Id = 2A,Vgs = 5V 

- 

4.2 

- 


V 

Static Drain-Source On Resistance 

''DS(on)* 

Id = 1A,Vgs = 5V 

- 

1.75 

- 

1.75 

fl 

Forward Transconductance 

9fs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

S(U) 

Input Capacitance 

Ciss 

VgS = 0V,Vds = 25V 
f=1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

coss 

- 

80 

- 

80 

PF 

Reverse Transfer Capacitance 

Crss 

- 

35 

- 

35 

pF 

Turn-On Delay Time 

fd{on) 

Id = 1A, Vdd = 75V 

Rgen = «^» 

Rgs = 6.25V, Vgs = 5V 

10{typ) 

25 

10(typ) 

25 

ns 

Rise Time 

tr 

10(typ) 

45 

10{typ) 

45 

ns 

Turn-Off Delay Time 

fd{off) 

24{typ) 

45 

24(typ) 

45 

ns 

Fall Time 

ff 

20(typ) 

25 

20(typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

OC/W 


* Pulsed: Pulse duration = 300|iS max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 





LIMITS 





RFP2N12L 

RFP2N15L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Diode Forward Voltage 

VSD* 

ISD = -1A 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If = 2A 

d|F/dt = 50A/FS 

o 

1 

150(typ) 

150(typ) 

150(typ) 

ns 


* Pulse Test; Width < SOOjis, Duty Cycle < 2%. 
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RFP2N12L, RFP2N15L 



DRRIN-TO-SOURCE VOLTAGE CVds) - VOLTS 


Fig. 1 — Maximum operating areas for all types. 



2 — Power dissipation vs. case temperature derating curve 
for all types. 




92CS-37333 

Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



92CS-34335 


4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 


Fig. 5 — Typical transfer characteristics for all types. 









































RFP2N12L. RFP2N15L 



92CS-37337 



Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 — Typical saturation characteristics for all types, 

drive. 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 




Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 11 — Switching Time Test Circuit. 
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LOGIC LEVEL 
POWER MOSFETs 




































































^ HARRIS 

RFP2N18L 


RFP2N20L 


N-Channel Logic Level 

August 1991 

Power Field-Effect Transistors (L^FET) 


Features 

• 2A, 180V and 200V 

• «'DS{ON) = 3.5n 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecohd Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP2N18L and RFP2N20L are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors specifically 
designed for use with logic level (5V) driving sources In 
applications such as programmable controllers, automotive 
switching, and solenoid drivers. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP series types are supplied in the JEDEC TO-220AB 
plastic package. 


Package 

TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 

u 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 

G 


S 




Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFP2N18L 

RFP2N20L 

UNITS 

Drain-Source Voltage ....... 

.Vds 

180 

200 

V 

Drain-Gate Voltage (Rqs = 1 .. • .. 

Continuous Drain Current 

.Vdgr 

180 

200 

V 

RMS Continuous .......... 

. Id 

2 

2 

A 

Pulsed Drain Current.:.. 

.Idm 

4 

4 

A 

Gate-Source Voltage ... 

Maximum Power Dissipation 

.Vqs 

±10 

±10 

V 

Tc = +250C .... 

.Pd 

25 

25 

W 

AboveTc = +250C, Derate Lineariy. 


0.2 

0.2 

W/OC 

Operating and Storage Junction Temperature Range. 

.TJ,TSTG 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C, handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2875 
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Specifications RFP2N18L, RFP2N20L 


Electrical Characteristics (Tq = +25^C), Unless Othenwise Specified 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2N18L 

RFP2N20L 

MIN 

MAX 

MIN 

MAX 

Drain-Source Breakdown Voltage 

BVqss 

Id = 1mA,VGS = 0 

180 

- 

200 

- 

V 

Gate Threshold Voltage 

VGS{th) 

VgS = Vds. Id = IfTiA 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

bss 

Vds = 145V 

- 

1 

- 

- 

fiA 

Vds = 160V 

- 

- 

- 

1 

[lA 

Tc = +12500 

Vds = 145V 

■ 

50 

■ 

■ 

jiA 

Vds = 160V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

less 

Vgs = ±10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS{on)* 

Id = 1A,Vgs = 5V 

- 

3.5 

- 

3.5 

V 

Id = 2A,Vgs = 5V 

- 

9 

_ 

9 

V 

Static Drain-Source On Resistance 

rDS{on)* 

Id = 1A,Vgs = 5V 

- 

3.5 

- 

3.5 

n 

Forward Transconductance 

9fs* 

Id = 1A,Vds = 10V 

800 

- 

800 

- 

S(0) 

Input Capacitance 

C|SS 

Vgs = ov, Vds = 25V 
f = 1MHz 

- 

200 

- 

200 

PF 

Output Capacitance 

coss 

- 

60 

- 

60 

PF 

Reverse T ransfer Capacitance 

Crss 

- 

35 

- 

35 

pF 

Turn-On Delay Time 

fd{on) 

Id = 1A, Vdd = 100V 

Rgen = °°» 

RGS = 6.25V, Vgs = 5V 

lO(typ) 

25 

10{typ) 

25 

ns 

Rise Time 

tr 

10{typ) 

30 

lO(typ) 

30 

ns 

Turn-Off Delay Time 

fd(off) 

25(typ) 

40 

25(typ) 

40 

ns 

Fall Time 

ff 

20(typ) 

25 

20{typ) 

25 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

oc/W 


* Pulsed: Pulse duration = 300ijs max., duty cycle = 2%. 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP2N18L 

RFP2N20L 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

Isd = -ia 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

IF = 2A 

d|F/dt = 50A/fis 

200 (typ) 

200 (typ) 

200 (typ) 

200 (typ) 

ns 


* Pulse Test: Width < SOOjis, Duty Cycle < 2%. 
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LOGIC LEVEL 
POWER MOSFETs 




































































































































RFP2N18L, RFP2N20L 



DRflIN-TO-SOURCE VOLTAGE CVds) - VOLTS 
Fig. 1 — Maximum operating areas for all types. 



ig. 2 — Power dissipation vs. temperature derating curve 
for all types. 



92CS-37308 

Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 



92CS-37307 

Fig. 3 — Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



Fig. 5 — Typical transfer characteristics for all types. 
































RFP2N18L, RFP2N20L 



92CS--373II 



Fig. 6 - Normalized switching waveforms for constant gate-current 
drive. 


Fig. 7 — Typical saturation characteristics for all types. 



Fig. 8 — Typical drain-tQ-source on resistance as a function 
of drain current for ail types. 



Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 
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Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 
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Fig. 11 — Switching Time Test Circuit. 
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LOGIC LEVEL 
POWER MOSFETs 





































































































^ HAIRFRIS 

RFP4N05L 


RFP4N06L 


N-Channel Logic Level 

August 1991 

Power Field-Effect Transistors (L^FET) 


Features 

• 4A, 50V and 60V 

• mscoN) = o.sa 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP4N05L and RFP4N06L are N-channel enhancement¬ 
mode silicon-gate power field-effect transistors designed for 
applications such as switching regulators, switching 
converters, motor drivers, relay drivers and drivers for high- 
power bipolar switching transistors requiring high speed and 
low gate-drive power. These types can be operated directly 
from integrated circuits. 

The RFP series types are supplied in the JED EC TO-220AB 
plastic package. 


Package 

TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 

u 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 

G 


S 




Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFP4N05L 

RFP4N06L 

UNITS 

Drain-Source Voltage. 

.Vds 

50 

60 

V 

Drain-Gate Voltage (Rqs = 1 MO). 

Continuous Drain Current 

.Vdgr 

50 

60 

V 

RMS Continuous. 

. Id 

4 

4 

A 

Pulsed Drain Current. 

.Idm 

10 

10 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±10 

±10 

V 

Tc = +250C... 

.Pd 

25 

25 

W 

Above Tc = +250C, Derate Linearly. 


0.2 

0.2 

W/OC 

Operating and Storage Junction Temperature Range. 

.. TJ,TSTG 

-55 to+150 

-55 to+150 

oc 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2876 
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Specifications RFP4N05L, RFP4N06L 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 





LIMITS 





RFP4N05L 

RFP4N06L 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

MIN 

MAX 

MIN 

MAX 

UNITS 

Drain-Source Breakdown Voltage 

BVdsS 

Id = 1 mA, Vqs = 0 

50 

- 

60 

- 

V 

Gate Threshold Voltage 

VGS(th) 

VqS^Vds. Id = 2mA 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain Current 

>DSS 

Vds = 40V 

- 

1 

- 

- 

mA 



Vds = sov 

- 

- 

- 

1 

jiA 



Tc*+1250C 

Vds = 40V 

■ 

50 

■ 

_ 

fiA 



Vds = 50V 

- 

- 

- 

50 

mA 

Gate-Source Leakage Current 

igss 

VgS = =*=10V,Vds = 0 

- 

100 

- 

100 

nA 

Drain-Source On-Voltage 

VDS(on)* 

Id = 1A,Vgs = 5V 

- 

0.8 

- 

0.8 

V 



Id = 2A,Vgs = 5V 

- 

2.0 

- 

2.0 

V 



Id = 4A,Vgs=7.5V 

- 

4.8 

- 

4.8 

V 

Static Drain-Source On Resistance 

rDSion)* 

!d = 1A,Vgs = 5V 

- 

0.8 

- 

0.8 

n 

Forward Transconductance 

9fs* 

Id = 1A,Vds=10V 

800 

- 

800 

- 

S(U) 

Input Capacitance 

CiSS 

VgS = 0V,Vds = 25V 

- 

225 

- 

225 

PF 

Output Capacitance 

Coss 

f = 1MHz 

- 

100 

- 

100 

PF 

Reverse Transfer Capacitance 

Crss 


- 

40 

- 

40 

pF 

Turn-On Delay Time 

kl(on) 

Id = 1 A, Vdd = 30 V 

lO(typ) 

20 

lO(typ) 

20 

ns 

Rise Time 

V 

Rgen=«>. 

Rgs = 6.25V, Vgs = 5V 

65(typ) 

130 

65 (typ) 

130 

ns 

Turn-Off Delay Time 

td(off) 

20(typ) 

40 

20(typ) 

40 

ns 

Fall Time 

tf 


30(typ) 

60 

30 (typ) 

60 

ns 

Thermal Resistance Junction-to-Case 

R0JC 


- 

5 

- 

5 

OC/W 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

RFP4N05L 

RFP4N06L 

MIN 

MAX 

MIN 

MAX 

Diode Forward Voltage 

VSD* 

ISD = lA 

- 

1.4 

- 

1.4 

V 

Diode Reverse Recovery Time 

trr 

If = 2A 

diF/dt= lOOA/ps 

150 (typ) 

150 (typ) 

150 (typ) 

150 (typ) 

ns 


* Pulse Test: Width < SOOfis, Duty Cycle < 2%. 
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LOGIC LEVEL 
POWER MOSFETs 















































































































































POWER DISSIPATION MULTIPLIER 


RFP4N05L, RFP4N06L 



Fig. 1 - Maximum operating areas for all types. 




Fig. 2 - Power dissipation vs. case temperature derating curve Fig. 3 - Typical normalized gate threshold voltage as a function 

for all types. of junction temperature for all types. 



JUNCTION TEMPERATURE (Tj l—'C 

92,CS.-3ei7i 

Fig. 4 - Normalized drain-to-source on resistance vs. junction 
temperature for all types. 



6ATE-T0-S0URCE VOLTAGE ( VQg)-V ; 

, 92CS-38r72 

Fig. 5 - Typical transfer characteristics for all types. 



























FORWARD TRANSCONDUCTANCE (gfs)-mho | ' | Cr^g (on)}-OHMS 


RFP4N05L, RFP4N06L 




Fig. 6 - Normalized switching waveforms for constant gate-current Fig. 7 - Typical saturation characteristics for ail types. 

Refer to Harris application notes AN7254 and AN-7260. 



DRAIN CURRENT {Io)-A 

92CS-38174 


Typical drain-to-source on resistance as a function of 
drain current for all types. 




DRAIN-TO-SOURCE VOLTAGE (VqsI-V 

92CS-38I75 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 



30Ii 



Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit 


LOGIC LEVEL 
POWER MOSFETs 




































































^ HARRIS RFD7N10LE, RFD7N10LESM 

UU SEMICONDUCTOR RFPTNIOLE 

7A, 100V, ESD Rated, Avalanche Rated, Logic Level 
February 1994 N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) 


Features 

• 7A, 100V 

• *’dS(ON) = 0.300Q 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

• +175°C Operating Temperature 

Description 

The RFD7N10LE. RFD7N10LESM and RFP7N10LE N- 
Channel power MOSFETs are manufactured using the 
MegaFET process. This process, which uses feature sizes 
approaching those of LSI integrated circuits gives optimum 
utilization of silicon, resulting in outstanding performance, 
They were designed for use in applications such as switch¬ 
ing regulators, switching converters, motor drivers, relay 
drivers and emitter switches for bipolar transistors. Thi$ per¬ 
formance is accomplished through a special gate oxide 
design which provides full rated conductance at gate bias in 
the 3V to 5V range, thereby faciiitating true on-off power con¬ 
trol directly from logic level (5V) integrated circuits. 

The RFD7N10LE is supplied in the JEDEC TO-251AA plas¬ 
tic package, the RFD7N10LESM is supplied in the JEDEC 
TO-252AA plastic package and the RFP7N10LE is supplied 
in the JEDEC TO-220AB plastic package. Due to space limi¬ 
tations the RFD7N10LE and RFD7N10LESM are branded 
7N10LE; the RFP7N10LE Is branded FP7N10LE. 

When ordering use the entire part number; e.g. RFD7N10- 
LESM. 

Formerly developmental type TA49046. 


Packaging 


DRAIN 

(FLANGE) 


JEDEC TO-220AB 

TOP VIEW 



SOURCE 

DRAIN 

GATE 


JEDEC TO-251AA 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


JEDEC TO-252AA 

TOP VIEW 


DRAIN 

(FLANGE) 


jU SOURCE 
DRAIN 

Id gate 



Absolute Maximum Ratings (Tc = +25°C) 

Drain Source Voltage. 

.Vdss 

RFD7N10LE, 

RFD7N10LESM, RFP7N10LE 
100 

UNITS 

V 

Drain Gate Voltage. 


100 

V 

Gate Source Voltage... 

.Vqs 

+10,-8 

V 

Drain Current 

RMS Continuous. 

.Id 

7 

A 

Pulsed Drain Current. 

.Idm 

Refer to Peak Current Curve 


Pulsed Avalanche Rating. 

.Eas 

Refer to UlS Curve 


Power Dissipation 

(Tc = +25‘>C). 

.Pd 

47 

W 

Derate above +25°C .. 

.Pt 

0.318 

W/°C 

Electrostatic Discharge Rating, MIL-STD-883, Category B(2). 

.ESD 

2 

KV 

Operating and Storage Temperature. 


-55 to+175 

°C 


Copyright © Harris Corporation 1994 
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Specifications RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Electrical Specifications Tq = -l•25°C, Unless Otherwise Specified 




PARAMETERS 


Drain-Source Breakdown Voltage BVq 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


TEST CONDITIONS 


D = 0.25mA, Vqs = OV 


Vqs = Vos» Id = 0.25mA 


Vqs = 100V. 
Vgs = 0V 


Vqs = +10, -8V 


Rl = 7.1Q, Vgs = 5V 


Total Gate Charge 

Qg(TOT) 


Vdd = 80V 

1 7 A 

Gate Charge at 5V 

Qg(5) 

Vqs = 0 to 5V 

ip — / M, 

Rl= 11.40 

Threshold Gate Charge 

Qg(th) 

VGs = 0to1V 


Plateau Voltage 

V(PUTEAU) 

Id = 7A, Vds=15V 

Input Capacitance 

CO 

to 

O 

Vds = 25V.Vgs = 0V 

f ‘IKilU-r 

Output Capacitance 

CqSS 



Reverse Transfer Capacitance 

CrsS 




Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 



TO-251 and TO-252 Package 


TO-220 Package 




Source-Drain Diode Specifications 


PARAMETERS 


Forward Voltage 


Reverse Recovery Time 


LIMITS 


MIN TYP MAX 



tpR lsD = 7A,dlsD/dt=100A/MS 
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DRAIN CURRENT (A) 3 Id, DRAIN CURRENT (A) Iq. DRAIN CURRENT (A) 


RFD7N10LE, RFD7N10LESM, RFP7N10LE 
















































































































RFD7N10LE, RFD7N10LESM, RFP7N10LE 
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RFD7N10LE, RFD7N10LESM, RFP7N10LE 


Typical Performance Curves (Continued) 



0.01 0.1 1 10 

tAv> time in avalanche (ms) 

FIGURE 13. UNCLAMPED INDUCTIVE SVI^ITCHING 



FIGURE 16. RESISTIVE SWITCHING WAVEFORMS 


FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 














RFD7N10LE, RFD7N10LESM, RFP7N10LE 


PSpice Model Listing 

Temperature Compensated PSPICE for the RFD7N10LE, RFD7N10LESM, RFP7N10LE 
SUBCKT RFD7N10LE 2 1 3; rev 6/2/93 

DPLCAP 

CA12 8 1.1026-9 10 5 

CB 15 14 1.1576-9 
CIN 6 8 0.3706-9 

DBODY 7 5 DBDMOD 
□BREAK 5 11 DBKMOD 
□ESDI 91 9DESD1MOD 
DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK 11 7 17 18 115.8 
EDS 14 85 8 1 
EGS 1386 8 1 
ESG6 1068 1 

EVTO20 6 18 8 1 ^ 


LDRAIN2 5 16-9 
LGATE 1 9 3.586-9 
LSOURCE 3 7 3.826-9 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

RBREAK17 18RBKMOD 1 
RDRAIN 50 16 RDSMOD 136.96-3 
RGATE 9 20 7.61 
RIN6 8 169 

RSCL1 5 51 RSLVCMOD 16-6 
RSCL2 5 50 163 

RSOURCE 8 7 RDSMOD 84.46-3 
RVTO 18 19 RVTOMOD 1 

S1A6 12 13 8S1AMOD 
SIB 13 12 138S1BMOD 
S2A6 15 14 13S2AMOD 
S2B13 15 14 13S2BMOD 

VBAT 8 19 DC 1 
VTO 21 6 0.444 

ESCL 51 50 VALUE={(V(5.51)/ABS(V(5.51))r(PWR(V(5,5iri66/(15.5),7.25))} 

.MODEL DBDMOD D{IS=5.076-1 4 RS=1.37e-2 TRS1=1.72e-3 TRS2=-1.59e-6 CJO=2.57e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=2.326-1 TRS1=6.50e-4 TRS2=1.726-6) 

.MODEL DESD1MOD D (BV=13.0 TBV1=2.2e-4 TBV2=0 RS=49 TRS1=0 TRS2=0) 

.MODEL DESD2MOD D (BV=11.7 TBV1=-5.5e-4 TBV2=-8.5e-7 RS=0 TRS1=0 TRS2=0) 

.MODEL DPLCAPMOD D (CJO=0.184e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07 IS=l6-30 N=10 TOX=:1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.746-8) 

.MODEL RDSMOD RES (TCI =7.456-3 TC2=2.68e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=0) 

.MODEL RVTOMOD RES (TC1=-2.73e-3 TC2=-5.466-6) 

.MODEL SI AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-4.35 VOFF=-1.75) 

.MODEL SI BMODVSWITCH(RON=16-5 ROFF=0.1 VON=-1.75 VOFF=-4.35) 

.MODEL S2AMOD VSWITCH (RON=16-5 ROFF=0.1 VON=-1.75 VOFF=3.50) 

.MODEL S2BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=3.50 VOFF=-1.75) 

.ENDS 

NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circuit for the Power MOSFET 
Featuring Global Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 
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RFM8N18L/20L 

RFP8N18L/20L 

N-Channel Logic Level 
Power Field-Effect Transistors (L^FET) 


Features 

• 8A, 180V and 200V 

• •'DS(ON) = O.SCl 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM8N18L and RFM8N20L and the RFP8N18L and 
RFP8N20L are N-channel enhancmement-mode silicon-gate 
power field-effect transistors specifically designed for use with 
logic level (5V) driving sources in applications such as pro¬ 
grammable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Package 


TO-204AA 
BOTTOM VIEW 


DRAIN 

^(FLANGE) 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFM8N18L 

RFM8N20L 

RFP8N18L 

RFP8N20L 

UNITS 

Drain-Source Voltage. 

.. Vds 

180 

200 

180 

200 

V 

Drain-Gate Voltage {Rqs =* 1 . 

Continuous Drain Current 

.VoGR 

180 

2Q0 

180 

200 

V 

RMS Continuous. 

.Id 

8 

8 

8 

8 

A 

Pulsed Drain Current. 

.Idm 

20 

20 

20 

20 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±10 

±10 

±10 

±10 

V 

Tc = +250C . 

.Pd 

75 

75 

60 

60 

w 

AboveTQ = +250C, Derate Linearly .. 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

... TJ,TSTG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

oc 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM8N18L, RFM8N20L RFP8N18L, RFP8N20L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)-25°C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM8N18L 

RFP8N18L 

RFM8N20L 

RFP8N20L 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdds 

Id= 1 mA 

Vgs=0 

180 

— 

200 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs=Vds 

Id= 1 mA 

1 

2 

1 

2 

V 

Zero Gate Voltage Drain Current 

loss 

Vds=145 V 
Vds=160 V 

— 

1 

— 

1 

aA 

Tc=125°C 
Vds=145V 
Vds=160 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

less 

Vgs=±10 V 
Vds“0 

— 

100 

“ 

100 

nA 

Drain-Source On Voltage 

VDs(on)“ 

Id=4A 

Vgs=5 V 

— 

2.0 

— 

2.0 

V 

Id=8 A 

Vgs=5 V 

— 

4.6 

— 

4.6 

Static Drain-Source On Resistance 

rDs{on)^ 

Id=4 A 

Vgs=5 V 

— 

0.5 

— 

0.6 

0 

Forward Transconductance 


Vds=10 V 
Id=4A 

3.0 

— 

3.0 

- 

mho 

Input Capacitance 

Ciss 

Vds-25 V 

Vgs= 0 V 
f=1MHz 

— 

900 

— 

900 

PF 

Output Capacitance 

Coss 

— 

250 

— 

250 

Reverse-Transfer Capacitance 

Crss 

— 

120 

— 

120 

Turn-On Delay Time 

td(on) 

Vdd=50 V 
Id=4A 

Rgen~°° 
Rgs=6.25 Q 
Vgs=5 V 

15(typ) 

45 

15(typ) 

45 

ns 

Rise Time 

tr 

45(typ) 

150 

45(typ) 

150 

Turn-Off Delay Time 

td(off) 

lOO(typ) 

135 

lOO(typ) 1 

135 

Fall Time 

tf 

60(typ) 

105 

60(typ) 

105 

Thermal Resistance 

Junction-to-Case 

R^jc 

RFM8N18L, 

RFM8N20L 

— 

1.67 

— 

1.67 

°C/W 

RFP8N18L, 

RFP8N20L 

— 

2.083 

— 

2.083 


^Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM8N18L 

RFP8N18L 

RFM8N20L 

RFP8N20L 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

VsD 

Isd~4 a 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

diF/dt=100 A//ys 

250(typ) 

250(typ) 

ns 


*Pulse Test: Width < 300//s, duty cycle < 2%. 
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ON RESISTANCE [rpgCon)^ 


RFM8N18L. RFM8N20L, RFP8N18L, RFP8N20L 



1 10 100 1000 
DRAIN-TO SOURCE VOLTAGE - (Vos) - V 

92CM-37391R1 

Fig. 1 — Maximum safe operating areas for all types. 




Fig. 2 — Power vs. temperature derating curve for Fig. 3 — Typical normalized gate threshold voltage as a function 

all types. of junction temperature for all types. 



JUNCTION TEMPERATURE (Tj )-”€ 

92CS-37220 

Fig. 4 — Normalized drain-to-source on resistance to 
junction temperature for all types. 



GATE-TO-SOURCE VOLTAGE (VqsI-V 

92CS-3722I 

Fig. 5 — Typical transfer characteristics for all types. 
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^ HARFUS RFM10N12L/15L 

RFP10N12L/15L 

N-Channel Logic Level 

August 1991 Power Field-Effect Transistors (L^FET) 


Features 

• 10A, 120V and 150V 

• »‘DS{0N) = 0.3CI 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM10N12L and RFM10N15L and the RFP10N12L and 
RFP10N15L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers and drivers for high-power bipolar switching 
transistors requiring high speed and low gate-drive power. 
These types can be operated directly from integrated circuits. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 


Package 

TO-204AA 
BOTTOM VIEW 



TO-220AB 
TOP VIEW 


DRAIN 




(FLANGE) 

o 


S, nPAIM 

u 




,_ 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



S 


Absolute Maximum Ratings (Tq = 

-I-250C) Unless Otherwise Specified 






RFM10N12L 

RFM10N15L 

RFP10N12L 

RFP10N15L 

UNITS 

Drain-Source Voltage. 

.Vds 

120 

150 

120 

150 

V 

Drain-Gate Voltage (Rqs = . 

Continuous Drain Current 

.Vdgr 

120 

150 

120 

150 

V 

RMS Continuous. 

. Id 

10 

10 

10 

10 

A 

Pulsed Drain Current. 

.idm 

25 

25 

25 

25 

A 

Gate-Source Voltage . 

Maximum Power Dissipation 

.Vqs 

±10 

±10 

±10 

±10 

V 

Tc = +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tc = +250C, Derate Linearly ... 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

.. TJ,TSTG 

-55to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 

Temperature Range 








CAUTION; These devices are sensitive to electrostatic discharge. Proper i.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM10N12L, RFM10N15L, RFP10N12L, RFP10N15L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25° C) unless otherwise specified 





LIMITS 




TEST 

RFM10N12L 

RFM10N15L 


CHARACTERISTIC 

SYMBOL 

CONDITIONS 

RFP10N12L 

RFP10N15L 

UNITS 




MIN. 

MAX. 

MIN. 

MAX. 


Drain-Source Breakdown 

BVdss 

Id = 1 mA 

120 

— 

150 

— 

V 

Voltage 


Vgs = 0 






Gate-Threshold Voltage 

VGS(th) 

Vgs = Vds 

1 

2 

1 

2 

V 



Id = 2 mA 






Zero-Gate Voltage Drain 

loss 

Vds = 100 V 

— 

1 

— 

— 


Current 


Vds- 120 V 

— 

— 

— 

1 




Tc = 125°C 

Vds = 100 V 


50 



fjA 



Vds = 120 V 

— 

— 

— 

50 


Gate-Source Leakage Current 

less 

Vgs = ±10V 

— 

100 

- 

100 

nA 



Vds = 0 






Drain-Source On Voltage 

VDS(on)® 

Id = 5 A 

— 

1-5 

— 

1.5 




Vgs = 5 V 








Id = 10 A 

Vgs = 5 V 

— 

4 

— 

4 

V 

Static Drain-Source On 

rDS(on)® 

Id = 5 A 

— 

0.3 

— 

0.3 

n 

Resistance 


Vgs = 5 V 






Forward Transconductance 

gts^ 

Vds= 10 V 

Id = 5A 

4.0 

- 

4.0 

- 

mho 

Input Capacitance 

Ciss 

Vds = 25 V 

— 

1200 

— 

1200 


Output Capacitance 

Coss 

Vgs = 0 V 

— 

250 

_ 

250 

PF 

Reverse-Transfer Capacitance 

Crss 

f = 1MHz 

_ 

120 

_ 

120 


Turn-On Delay Time 

td(on) 

Vdd = 75 V 

15(typ) 

60 

15(typ) 

60 


Rise Time 

tr 

Id “ 5 A 

R « = oo 

50(typ) 

135 

50(typ) 

135 

ns 

Turn-Off Delay Time 

td(off) 

iigen ^ 

Rgs = 6.25 O 

Vgs = 5 V 

90(typ) 

135 

90(typ) 

135 

Fall Time 

tf 

90(typ) 

135 

90(typ) 

135 


Thermal Resistance 

Junction-to-Case 

1 

R^jc 

RFM10N12L, 

RFM10N15L 

- 

1.67 

- 

1.67 

°C/W 



RFP10N12L, 

RFP10N15L 

' - 

2.083 

- 

2.083 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

RFM10N12L 

RFP10N12L 

RFM10N15L 

RFP10N15L 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

VsD^ 

Isd-5a' 

- 

1.4 

' - 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, diF/dt = 100 A/fjs 

150 (typ.) 

150 (typ.) 

ns 


a Pulse Test: Width < 300 /js, Duty cycle < 2% 
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RFM10N12L, RFM10N15L. RFP10N12L. RFP10N15L 


8 

6 

CASE TEMPERATURE (Tq) = 25 “C 
(CURVES MUST BE DERATED 
LINEARLY WITH INCREASE IN 
TEMPERATURE) 
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DRAIN-TO-SOURCE VOLTAGE (Vqs)-V 

92CM-38I55 

F\g. 1 - Maximum safe operating areas for all types. 



Fig. 2 - Power vs. temperature derating curve for all types. 



92CS-38I59 

Fig. 4 - Normalized drain-to-source on resistance vs. junction 
temperature for all types. 



92CS-38I58 


Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



92CS-38160 

Fig. 5 - Typical transfer characteristics for all types. 










































































































FORWARD TRANSCONDUCTANCE {gfs)-mho 


RFM10N12L, RFM10N15L, RFP10N12L, RFP10N15L 



TIME — Microseconds 


92CS-37654 



92CS-38I6I 


Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 



Fig. 8 - Typical drain-to-source on resistance as a function 
drain current for all types. 



92CS-38I64 


Fig. 7 - Typical saturation characteristics for all types. 



DRAIN-TO-SOURCE VOLTAGE (Vjjs'“V 

92CS-38163 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 


I5ft 



6 


Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 
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RFD12N06RLE, RFD12N06RLESM 

RFP12N06RLE 

N-Channel Logic Level Enhancement-Mode Power 
Field-Effect Transistors (MegaFETs) 


Features 

• 12A,60V 

• ''DS(on) = 0-135Q 

• Electrostatic Discharge Rated 

• UlS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directiy from CMOS, NMQS, TTL Cir¬ 
cuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 

• Majority Carrier Device 

Description 

These N-channel logic-level ESD protected power MOS- 
FETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits, gives optimum utilization of silicon, result¬ 
ing In outstanding performance. They were designed for use 
with logic-level (5V) driving sources In applications such as 
programmable controllers, automotive switching, switching 
regulators, switching converters, motor drivers, relay drivers 
and emitter switches for bipolar transistors. This perfor¬ 
mance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases In the 
3V - 5V range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 

The RFD12N06RLE is supplied In the JEDEC TO-251, 
RFD12N06RLESM In the JEDEC TO-252, and RFP12N06- 
RLE in the JEDEC TO-220AB plastic package. 


Packages 


RFD12N06RLE (TO-251) 
TOP VIEW 



SOURCE 

DRAIN 


RFD12N06RLESM (TO-252) 
TOP VIEW 


1 DRAIN 
rUGATE 


RFP12N06RLE (TO-220AB) 
TOP VIEW 


DRAIN 

(FLANGE) ^ 



Absolute Maximum Ratings (Tc = +25°C), unless otherwise Specified 

Drain-Source Voltage...... 


60 

UNITS 

V 

Drain-Gate Voltage (Rqs = 1MO) ....... 

.Vdgr 

60 

V 

Continuous Drain Current 

RMS Continuous............ 

.Id 

12 

A 

Pulsed Drain Current.....:... 


26 

A 

Gate-Source Voltage... 

.Vqs 

+10 

-5V 

Maximum Power Dissipation 

Tc = +25°C... 

.Pd 

40 

W 

Above Tn = +25°C, Derate Linearly_ ......... 


0.32 

W/°C 

Single Pulse Avalanche Rating, Refer to UlS SOA Cun/e Electrostatic Discharge Rating, 

2 

KV 

ESD, MIL-STD-883, Category B(2)...... 

Operating and Storage Junction Temperature Range...... 

• • •1’j» TsTQ 

-55 to+150 

°C 


Copyright © Harris Corporation 1994 
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Specifications RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 


ELECTRICAL CHARACTERISTICS, Case Temperature (Tc) = 25°C Unless Otherwise Specified 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

RFD12N06RLE 

RFD12N06RLESM 

RFP12N06RLE 

Min 

Max 

Drain-Source BVdss 

Breakdown Voltage 

Id = 0.25 mA 

Vgs = 0 V 

60 

— 

V 

Gate Threshold Vcsctw 

Voltage 

Vgs = Vds 

Id = 0.25 mA 

1 

2 

Zero Gate Voltage loss 

Drain Current 

Vds = 60 V, Vgs = 0 V 

Tc = 150°C 

— 

1 

50 

pA 

Gate-Source less 

Leakage Current 

Vgs = +10 V 

Vgs = -5 V 

— 

10 

10 

On Resistance rDS(on> 

Vgs = 5.0 V, Id = 12 A 

Vgs = 4.0 V, Id = 12 A 

_ 

0.135 

0.160 

Q 

Turn-On Time Lon) 

See Fig. 13 

Vdd = 30 V, Id = 6 a 

Rl = 5.0 Q 

Igl = Ig2 = 0.4 A 

VGS(clamp)= +5 V, -0.6 V 

— 

60 

ns 

Turn-On Delay Time td(on) 

12 (typ) 

— 

Rise Time L 

20 (typ) 

— 

Turn-Off Delay Time td(off) 

24 (typ) 

— 

Fall Time tf 

12 (typ) 

— 

Turn-Off Time Lott) 

— 

60 

Total Gate Qg(tot) 

Charge 

Vgs = 0-10 V 

Vdd = 48 V 

Id = 12 A 

Rl = 4.0 n 

— 

40 

nC 

- 

20 

Gate Charge Qgjs) 

at 5 Volts 

Vgs = 0-5 V 

Threshold Gate OgHw 

Charge 

Vgs = 0-1 V 

— 

1.5 

Plateau Voltage V(piateau) 

Id = 12 A. Vds = 15 V 

— 

4.0 

V 

Turn-Off Energy Eott 

Loss per Cycle 

Vdd = 30 V. Id = 6 a 

L = 0.2 uH, Igl = Ig2 = 0.4 A 
VGS(clamp) “ +5.0 V, -0.6 V 

Rl = 5.0 Q 


10 

pj 

Thermal Resistance R^JC 

Junction to Case 


— 

3.125 

°C/W 

Thermal Resistance R0JA 

Junction to Ambient 

TO-251 & TO-252 packages 
TO-220 package 

_ 

100 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


Forward Voltage 

VsD 

lsD = 12A 

— 

1.2 

V 

Reverse Recovery 

Time 

trr 

If = 12 A 

dlF/dt= 100 A/ps 

— 

200 

ns 
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RFD12N06RLE, RFD12N06RLESM, RFP12N0SRLE 



CASE TEMPERATURE frC)=25degC 



Fig. 1 - Safe-operating area curve. (Curves must be derated Fig. 2 - Unclamped-inductive-switching. Safe-operating-area, 

linearly with increase in case temperature.) {Single pulse UlS SOA.) 




Fig. 3 - Maximum continuous drain current vs. temperature. Fig. 4 - Normalized power dissipation vs. temperature derating 

curve. 

-55degC 25degC ISCWegC 

PULSE DURATION=250us Tc=25degC -- —- ^ yds=15V 




Fig. 5 - Typical saturation characteristics. 


Fig. 6 - Typical transfer characteristics. 













RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 




Fig. 7 - Normalized ros{on) vs. l/gs. 


Fig. 8 - Normalized rDS(on) vs. junction temperature. 


Vgs=Vds ld-250uA 



Fig. 9 - Normalized gate threshold voltage vs. temperature. 


ld=250uA 



Fig. 10- Normalized drain source breakdown voltage vs. 
temperature. 
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Fig. 11 - Typical capacitance vs. voltage. 


Fig. 12 - Typical switching waveforms for constant gate current 
Refer to Harris application notes AN7254 and AN-7260. 
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RFD12N06RLE, RFD12N06RLESM, RFP12N06RLE 


VdD 




SWITCHING WAVEFORMS 


Fig. 13 - Resistive switching. 



SWITCHING WAVEFORMS 


Fig. 14 - Resistive switching. 


Vds 



bvdss 



Fig. 15- Undamped inductive switching test. 
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August 1991 


RFM12N08L/10L 

RFP12N08L/10L 

N-Channel Logic Level 
Power Field-Effect Transistors (L^FET) 


Features 

• 12A, 80V and 100V 

• ^■DS(ON) = 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High input Impedance 


Package 


TO-204AA 
BOTTOM VIEW 



• Majority Carrier Device 

Description 

The RFM12N08L and RFM12N10L and the RFP12N08L and 
RFP12N10L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for 
use with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 

Because of space limitations branding (marking) on type 
RFP12N08L is F12N08L and on type RFP12mOL is 
F12N10L 


DRAIN 

(FLANGE) 



o 



;-^ SOURCE 

-DRAIN 

, _ 



Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = -I-250C) Unless Otherwise Specified 




RFM12N08L 

RFM12N10L 

RFP12N08L 

RFP12N10L 

UNITS 

Drain-Source Voltage. 

.Vds 

80 

100 

80 

100 

V 

Drain-Gate Voltage (Rqs = 1 Mfl). 

Continuous Drain Current 

.VdgR 

80 

100 

80 

100 

V 

RMS Continuous..... 

.Id 

12 

12 

12 

12 

A 

Pulsed Drain Current. 

.idm 

30 

30 

30 

30 

A 

Gate-Source Voitage . 

Maxirnum Power Dissipation 

.Vqs 

±10 

±10 

±10 

±10 

V 

Tc==+250C .. 

•.Pd 

75 

75 

60 

60 

W 

Above Tq = +250C, Derate Linearly .. 


0.6 

0.6 

0.48 

0.48 

W/oc 

Operating and Storage Junction. 

Tomr^nrati iro RanoA 

Tj,Tstg 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM12N08L, RFM12N10L. RFP12N08L, RFP12N10L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc)=25°C unless otherwise specified. 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM12N08L 

RFP12N08L 

RFM12N10L 

RFP12N10L 

MIN, 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdds 

Id= 1 mA 

Vgs=0 

80 

— 

100 

— 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs==Vds 

Id=1 mA 

^ ' 

2 

1 

2 

V 

Zero Gate Voltage Drain Current 

loss 

>> 

10 o 

<D CO 

11 II 

>> 

z 

1 

— 

1 

M 

Tc=125°C 
Vds=65 V 
Vds=80 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

Igss 

Vgs-±10 V 
Vds“0 

— 

100 

— 

100 

nA 

Drain-Source On Voltage 

VDs(on)" 

Id-6 A 

Vgs-5 V 

— 

1.2 

— 

1.2 

V 

Id-12 A 

Vgs-5 V 

— 

3.3 

— 

3.3 

Static Drain-Source On Resistance 

rDs(on)® 

Id-6 A 

Vgs=5 V 

— 

0.2 

— 

0.2 

0 

Forward Transconductance 

Qfs® 

Vds-10 V 

Id-6 A 

4.0 

- 

4.0 

- 

mho 

Input Capacitance 

Ciss 

Vds-25 V 

Vgs-0 V 
f=1MHz 

— 

900 

— 

900 

PF 

Output Capacitance 

Coss 

— 

325 

— 

325 

Reverse-Transfer Capacitance 

Crss 

— 

170 

— 

170 

Turn-On Delay Time 

td(on) 

Vdd=50 V 

Id=6 A 

Rgen-°° 
Rgs-6.25 n 
Vgs-5 V 

15(lyp) 

50 

15(lyp) 

50 

ns 

Rise Time 

tr 

70(typ) 

150 

, 70(typ) 

150 

Turn-Off Delay Time 

td{off) ■ 

lOO(typ) 

130 

lOO(typ) 

130 

Fall Time 

tf 

80(typ) 

150 

80(typ) 

150 

Thermal Resistance 

Junction-to-Case 

R^jc 

_i 

RFM12N08L, 

RFM12N10L 

— 

1.67 

— 

1.67 

°C/W 

RFP12N08L, 

RFP12N10L 

— 

2.083 

—• 

2.083 


^Pulsed: Pulse duration = 300 ps max., duty cycle = 2%. 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM12N08L 

RFP12N08L 

RFM12N10L 

RFP12N10L 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

Vsd 

Isd=6 a 

— 

1.4 

— 

1.4 

V 

Reverse Recovery Time 

trr 

If=4 A 

dip/dplOO A/ps 

150(typ) 

150(typ) 

ns 


*Pulse Test: Width < 300 ps, duty cycle < 2%. 
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FORWARD TRANSCONDUCTANCE (gfs)-mh 


RFM12N08L, RFM12N10L, RFP12N08L, RFP12N10L 




Fig. 6 - Normalized switching waveforms for constant gate-current. Fig. 7 — Typical saturation characteristics for all types. 

Refer to Harris application notes AN7254 and AN-7260. 
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Fig. 8 — Typical drain-to-source on resistance as a function 
of drain current for all types. 


Fig. 9 — Capacitance as a function of drain-to-source 
voltage for all types. 




Fig. 10 — Typical forward transconductance as a function 
of drain current for all types. 


Fig. 11 — Switching Time Test Circuit. 











































































^ iHARRis RFD14N05L/05LSM 

RFP14N05L 

N-Channel Logic Level Enhancement-Mode 
June 1992 Power Field-Effect Transistors (MegaFETs) 


Features 

• 14A, 50V 

• ^'DS(on) = 0.1 OOn 

• UlS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Operating Temperature .+150OC 


Packages 


RFD14N05L 
TO-251 
TOP VIEW 


DRAIN_^ 

TAB~^ 


SOURCE 

DRAIN 

GATE 


RFD14N05LSM 
TO-252 
TOP VIEW 


DRAIN 

TAB' 


Ol SOURCE 
□ DRAIN 

iCdgate 


Description 

The RFD14N05L, RFD14N05LSM and RFP14N05L N-Chan- 
nel logic level power MOSFETs are manufactured using the 
MegaFET process. This process, which uses feature sizes ap¬ 
proaching those of LSI integrated circuits gives optimum utili¬ 
zation of silicon, resulting in outstanding performance. They 
were designed for use with logic-level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor 
relay drivers, and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide de¬ 
sign which provides full rated conductance at gate biases in 
the 3V - 5V range, thereby facilitating true on-off power control 
directly from logic circuit supply voltages. 

The RFD14N05L is supplied in the JEDEC TO-251 plastic 
package, the RFD14N05LSM in the JEDEC TO-252 plastic 
package and the RFP14N05L in the JEDEC TO-220AB plastic 
package. 


RFP14N05L 
TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 

Ul 


o 



__ 


=»6ATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = -I-250C) Unless Otherwise Specified 


Drain-Source Voltage. 

Drain-Gate Voltage (Rqs = "i MH). 

Continuous Drain Current 

RMS Continuous. 

Pulsed Drain Current. 

Gate-Source Voltage. 

Maximum Power Dissipation 

Tc = +250C. 

Above Tq = +250C, Derate Linearly. 

Single Pulse Avalanche Rating. 

Operating and Storage Junction Temperature Range 


UNITS 


Vps 

50 

V 

• •VdGR 

50 

V 

.Id 

14 

A 

.Idm 

35 

A 

• ■ • • VqS 

±10 

V 

.Pd 

40 

W 


0.32 

Refer to UlS SOA Curve 

W/oc 

Tj^TstG 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. jsJumber 2246.1 

Copyright © Harris Corporation 1992 
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Specifications RFP14N05L, RFD 14N05LSM, RFF14N05L 


ELECTRICAL CHARACTERISTIC^, At Case Temperature (Tc) = 25° C Unless Otherwise Specified. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVpss 

lo = 0.25 mA. Vgs = G V 

50 

— , 


Gate-Threshold Voltage 

VQs(th) 

Vqs - Vds, li 

3 - 0.25 mA 

.,1 

2 


Zero-Gate Voltage Drain Current 

loss 

Vds = 40 V, Vgs = 0 V 

, — 

1 


Tc= 150°C 


50 

Gate-Source Leakage Current 

loss 

Vgs = ±10 V, Vos = 0 V 

— 

100 

nA 

Static Drain-Source On-Resistance 

rDs(on) 

Id= 14A, Vgs = 5 V 

— 

0.1 

0 

Id= 14 A, Vgs = 4 V 

. — 

0.12 

Turn-On Time 

t(on) 

Vdd = 25 V, Id = 7 A 

— 

60 


Turn-On Delay Time 

td(on) 

Ig1 ” Ig2 

= 0.4 A 


13(typ.) 


Rise Time 

tr 

VGs(clamp)+5 V,-0.6 V 

. : — 

24 (typ.) 

ns 

Turn-Off Delay Time 

td(off) 

Rl = 3.57 0 

— 

42 (lyp.) 

Fall Time 

tf 

(See Figs. 10 & 11) 

, — 

16 (typ.) 


Turn-Off Time 





100 


Total Gate Charge ^ 

Qfl (total) 

Vdd = 40 V 

Vgs-0-10 V 


40 


Gate Charge at 5 V 

Qg(5) 

Id= 14 A 

Vgs = 0-5 V 


25 

nC 

Threshold Gate Charge 

Qfl(th) 

Rl = 2.86 O 

Vgs = 0-1 V 

— 

1.5 


Plateau Voltage 

V (plateau) 

Id= 14 A, Vds= 15 V 

— 

4 

V 



Vdd= 25 V, Id = 

7 A, L = 0.2/iH, 




Turn-Off Energy Loss Per Cycle 

Eof f 

Rl = 3.57 0, lgi = Ig2 = 0.2 A, 

■’ , — 

14 

pj 



VGs(clamp)+5 V, -^0.6 V 




Thermal Resistance; Junctipn-to-Case 

R^jc 



3.125 


Thermal ResiStahee, Junction-to-Ambient R^ja 

TO-251 & TO-252 

— 

100 

°C/W 

TO-220 

— 

80 



SOURCE-DRAIN DlbDE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

1 LIMITS I 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VSD 

Isd=14A 


1.5 

V 

Reverse Recd\^fy Time 

trr 

If= 14A, dlF/dt= 100 A/yuS 

— 

125 

ns 


CASE TEMPERATURE (rC)=25degC 


r 10.0 


a; 

D 

O 

I i-ol 

o 
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. 






z 



. 

:— " 

— 

— 



~ 




“ — 

: — 




- 



■ 


' 


■ 

■ 

■ 

■ 







■ 

■ 

■ 


ni 

1 

ff 

■ 

■ 

1 

1 

1 







1 

1 

1 

1 

1 

1 

1 

1 

1 



■ 

1 



! 

! 

1 



— 

_ 


— 



s 

— 


zzz: 

ss 



s 

s 

s 


-—■ 


- - 

— 



[o 



-- 

-r 

— 



hr- 


u 

L OPERATION IN THIS 


s 










v) 

■ 

■ 












'' 


. 


1 

1 







L_ 




■ 

■ 

1 

1 

1 

1 

1 

1 



1 

1 



1 

1 


. 


— 

= 

r: 

z: 

z 



— 

zzrn 

— 


E 

= 

z: 

E 

E 



— 

— 

— 

— 

- 

- 




—^ 


■“ 



































V 

ds 

s. 
















MAX=50V 
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DRAIN-TO-SOURCE VOLTAGE (y/ds)-V 


Fig. 1 - Safe-operating-area curve. {Curves must be derated 
linearly with increase in case temperature.) 
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NORMALIZED Rds(ON) DRAIN CURRENT {ld)-AMPS DRAIN CURRENT (Id)- 


RFD14N05L, RFD14N05LSM, RFP14N05L 



CASE TEMPERATURE (Td-desC 

IDGEX14N05CF5 

Fig. 2 - Maximum continuous drain current vs. temperature. 



POWGeX14N05LCF5 


Fig. 3 - Normalized power dissipation vs. temperature derating 
curve. 



LOGIC LEVEL 
POWER MOSFETs 











CAPACITANCE (C)-pf NORMALIZED GATE THRESHOLD VOLTAGE 

tv/gstth)] 


RFD14N05L RFD14N05LSM, RFP14N05L 


Vgs=Vds ld=25(3uA ld=250uA 




Fig. 8 - Gate threshold voltage vs. temperature. 


Fig. 9 - Drain source breakdown voltage vs. temperature. 


CRSS CISS coss 




Fig. 10 - Typical capacitance vs. voltage. Fig. 11 - Normalized switching waveforms for constant gate- 

current. Refer to Harris application notes AN7254 and 
AN-7260. 
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Vgs-VOLTS 




RFD14N05L, RFD14N05LSM, RFP14N05L 


Vdd 



SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 

9aCS-42923 

Fig. 12 - Resistive switching. 


Vds 



bvdss 



Fig. 13 - Undamped energy test circuit. 


Fig. 14 - Undamped energy waveforms. 



0.01 0.10 1.00 10.00 

TIME IN flVfiLflNCHE (tav) - MILLISECONDS 

Fig. 15 - Undamped inductive switching. 
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RFM15N05L/06L 
RFP15N05L/06L 

N-Channel Logic Level 
Power Field-Effect Transistors (L^FET) 


Features 

• 15A, 50V and 60V 

• »‘DS(ON) = 0.140 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFM15N05L and RFM15N06L and the RFP15N05L and 
RFP15N06L are N-channel enhancmement-mode silicon- 
gate power field-effect transistors specifically designed for ap¬ 
plications such as switching regulators, switching converters, 
motor drivers, relay drivers and drivers for high-power bipolar 
switching transistors requiring high speed and low gate-drive 
power. These types can be operated directly from integrated 
circuits. 

The RFM series types are supplied in the JEDEC TO-204AA 
steel package and the RFP series types in the JEDEC TO- 
220AB plastic package. 

Because of space limitations branding (marking) on type 
RFP15N05L is F15N05L and on type RFP15N06L is 
F15N06L. 


Package 


TO-204AA 
BOTTOM VIEW 



DRAIN 

/(FLANGE) 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 




RFM15N05L 

RFM15N06L 

RFP15N05L 

RFP15N06L 

UNITS 

Drain-Source Voltage. 

.Vds 

50 

60 

50 

60 

V 

Drain-Gate Voltage (Rqs = 1 MO). 

Continuous Drain Current 

.Vdgr 

50 

60 

50 

60 

V 

RMS Continuous. 

. Id 

15 

15 

15 

15 

A 

Pulsed Drain Current. 

.Idm 

40 

40 

40 

40 

A 

Gate-Source Voltage. 

Maximum Power Dissipation 

.Vgs 

±10 

±10 

±10 

±10 

V 

Tc = +250C. 

.Pd 

75 

75 

60 

60 

W 

Above Tc = +250C, Derate Linearly .. 


0.6 

0.6 

0.48 

0.48 

W/OC 

Operating and Storage Junction. 

Tj,TstG 

-55 to+150 

-55 to+150 

-55 to+150 

-55 to+150 

OC 


Temperature Range 


CAUTION: These devices are sensitive to electrostatic discharge. Proper LC, handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFM15N05L, RFM15N06L RFP15N05L RFP15N06L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc = 25° C) unless otherwise specified 


CHARACTERISTIC 

SYMBOL 

TEST 

CONDITIONS 

LIMITS 

UNITS 

RFM15N05L 

RFP15N05L 

RFM15N06L 

RFP15N06L 

MIN. 

MAX. 

MIN. 

MAX. 

Drain-Source Breakdown 

Voltage 

BVdss 

Id = 1 mA 

Vgs = 0 

50 

— 

60 

— 

V 

Gate-Threshold Voltage 

Vosith) 

Vgs = Vds 

Id = 1 mA 

1 

2 

1 

2 

V 

Zero-Gate Voltage Drain 

Current 

loss 

Vds - 40 V 

Vds - 50 V 

— 

1 

— 

1 

aA 

Tc= 125°C 

Vds = 40 V 

Vds = 50 V 

- 

50 

- 

50 

Gate-Source Leakage Current 

less 

Vgs = ±10 V 

Vds = 0 

— 

100 


100 

nA 

Drain-Source On Voltage 

VDS(on)® 

Id = 7.5 A 

Vgs = 5 V 

— 

1.05 


±05 

V 

Id= 15 A 

Vgs = 5 V 

— 

3.0 

— 

3.0 

1 

Static Drain-Source On 

Resistance 

rDS(on)® 

Id = 7.5 A 

Vgs = 5 V 

— 

0.14 

— 

0.14 

Q 

Forward Transconductance 

Qfs^ 

Vds = 10 V 

Id = 7.5 A 

4.0 

- 

4.0 

- 

mho 

Input Capacitance 

Ciss 

Vds = 25 V 

Vgs = 0 V 

f = 1 MHz 

— 

900 

— 

900 

PF 

Output Capacitance 

Coss 

— 

450 

— 

450 

Reverse-Transfer Capacitance 

Crss 

— 

200 

— 

200 

Turn-On Delay Time 

td(on) 

Vdd = 30 V 

Id = 7.5 A 

Rgen “ 

Rgs = 6.25 O 

Vgs = 5 V 

16(typ) 

40 

16(typ) 

40 

ns 

Rise Time 

tr 

250{typ) 

325 

250(typ) 

325 

Turn-Off Delay Time 

tcl(off) 

200(typ) 

325 

200(typ) 

325 

Fall Time 

tf 

225(typ) 

325 

225(typ) 

325 

Thermal Resistance 

Junction-to-Case 

R^jc 

RFM15N05L, 

RFM15N06L 

- 

1.67 

- 

1.67 

°C/W 

RFP15N05L, 

RFP15N06L 

- 

2.083 

- 

2.083 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

RFM15N05L 

RFP15N05L 

RFM15N06L 

RFP15N06L 

MIN. 

MAX. 

MIN. 

MAX. 

Diode Forward Voltage 

VsD® 

IsD = 7.5A 

- 

1.4 

- 

1.4 

V 

Reverse Recovery Time 

trr 

If = 4A, d,F/dt = 100A//WS 

225 (typ.) 

225 (typ.) 

ns 


3 Pulsed: Pulse duration = 300 /ys, duty cycle = 2%. 
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POWER DISSIPATION.(Px 




















































































































FORWARD TRANSCONDUCTANCE ( gfs) 


RFM15N05L. RFM15N06L, RFP15N05L, RFP15N06L 



Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 


PULSE TEST 1 I 1 1 1 l>- 

PULSE DURATION«80us 

DUTY CYCLE <2% i 

CASE TEMPERATURE 

mmmmzi aaaaaaaaa 
Ba«S B aBBBaBBBB 
B^B a BBaaBBBBB 

BBB B BBBBBaaBB 

BBB B BBBBBBBBB 
BBB B aBBBaaaBB 

aaa a aaBaaBBaa 

BBB B BBBBBBBBB 
BBB a BaBaaBBBB 


BBB » aaaBBBBii 

— a aaaaaaBBB 

■■■■ mmvs'ffr*mz.mmmmmmummmmmmmmmmm 

BBBB r.'j'.MP- BBBBBBBBBBBBBBBBBBBBBBBI 

■■■■' ^'^bbbbbbbbbbbbbbbbbbbbbbbi 

BBar ^B'.^^BBBBBBBBBBBBBBBBBBBBBBBBBI 
-«■■■■■■■■■■■■■■■■■■■■■■■■■■■■ 
. ''^'^^^■■■■■■■■■■BBBBBBBaBBBBaBai 
U' .-'l^aBBBBaBBBBBaaaBBaBBBBBflBBBBBBI 

■'.-•^aBBaBBBaBBBBBaaBBBBaaBaaBaBBBBBI 

BBB B BBBBBBBHB 

!!! 5 ■rjggra 

■■■ ■ ■■■■■■«■» 
■■■■■■ ■■■■■■■■■ 

SSSbS iiSiiiiii 

:::: :E^BSE 
:::: 

IE:: EE^ 


0 12 3 4 5 

DRAIN-TO-SOURCE VOLTAGE (Vqs)^V 

92CS-38I48 


Fig. 7 - Typical saturation characteristics for all types. 



Fig. 8 - Typical drain-to-source on resistance as a function 
drain current for all types. 



92CS-38IS0 

Fig. 9 - Capacitance as a function of drain-to-source voltage for 
all types. 





Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit 
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SEMICONDUCTOR 


June 1992 


RFD16N05L 

RFD16N05LSM 

N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistors (MegaFETs) 


Features 

• 16A,50V 

• r(,s(ON) = 0.047Q 

• UlS SOA Rating Curves (Single Pulse) 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input impedance 

• Majority Carrier Device 

• Operating Temperature +150®C 

Description 

The RFD16N05L and RFD16N05LSM N-channel logic level power 
MOSFETs are manufactured using the MegaFET process. This 
process, which uses feature sizes approaching those of LSI 
integrated circuits gives optimum utilization of silicon, resulting in 
outstanding performance. The RFD16N05L and RFD16N05LSM 
were designed for use with logic level (5V) driving sources in 
applications such as programmable controllers, automotive 
switching, switching regulators, switching converters, motor relay 
drivers and emitter switches for bipolar transistors. This 
performance is accomplished through a special gate oxide design 
which provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly from 
logic circuit supply voltages. 

The RFD16N05L is supplied In the JEDEC TO-251 plastic package 
and the RFD16N05LSM in the JEDEC TO-252 plastic package. 


Package 


TO-251 AA 
TOP VIEW 



TO-252AA 
TOP VIEW 



SOURCE 

DRAIN 

GATE 



Absolute Maximum Ratings (Tq = +25®C), Unless Otherwise Specified 

Drain-Source Voltage.. Vqs 

50 

UNITS 

V 

Drain-Gate Voltage (Rqs = 1MQ). 


50 

V 

Continuous Drain Current 

RMS Continuous.. 

. Id 

16 

a 

Pulsed Drain Current.. 


45 

a 

Single Pulse Avalance Rating 

Gate-Source Voltage. 


Refer to UlS SOA Curve 
±10 

V 

Maximum Power Dissipation 

Tc = +25°C. 


60 

w 

Above Tc = +25°C, Derate Linearly.. 


0.48 

wy°c 

Operating and Storage Junction Temperature Range. 

."Tj, Tstg 

-55 to +150 

°c 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright © Harris Corporation 1992 a_dq 
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Specifications RFD16N05L, RFD16N05LSM 


Electrical Characteristics At Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTICS 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Static Drain-Source On Resistance 


Turn-On Time 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


Total Gate Charge 


Gate Charge at 5V 


Threshold Gate Charge 


Plateau Voltage 


Turn-Off Energy Loss per Cycle 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junction-to-Ambient 


SYMBOL 


BVdss 


VGS(th) 


loss 


TEST CONDITIONS 



t(off) 


Qa(total) 


Qg(5) 


Qg(th) 


V(plateau) 


Id = 2.05mA. Vqs = OV 

Vqs = Vds. Id = 2.05mA 

Vds = 40V,Vgs = 0V 


Tc = 150°C 


Vgc = ±iov.Vds = ov 

Id = 16A,Vgs = 5V 


Jd = 16A,Vgs = 4V 


Vdd = 25V, Id = 8A. Igi = Ig 2 = 0.4A, Vgs (damp) + 5V, 

-0.6V, Rl = 3.1250 


Vgs = 0-10V 

Vdd = 40V 

Vgs = 0-5V 

tD=16A 

Vgs = 0-1V 

Rl = 2.5Q 

Id = 16A, Vds = 15V 

Vdd = 25V, Id = 8A, Rl = 3.1250, L = 

0.2pH. Igi = Ig2 = 

0.8A, VGs(damp)+5V,-0.6V 




Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 


Diode Forward Voltage 


Reverse Recovery Time 



TEST CONDITIONS 


Isd = ‘*®a 


If= 16A,dlF/dt= 100A/pS 


CASE TEMPERATURE ffa»25d«gC 





DRAIN-TO-SCXJRCE VOLTAGE (Vdsl-V 


Uv>(L/R)lnUliuXR)/(l.3 RRTEO BVdu-yddltll 


O.JO 

TIME IN RVflLRNCHE (lav) 


RGURE1. SAFE OPERATING AREA CURVE. (CURVES MUST 
BE DERATED LINEARLY WITH INCREASE IN TEMP.) 


FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA. (SINGLE 
PULSE UlS SOA 





_ CASE TEMPERATURE (TcHtegC 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


CASE TEMPERATURE (rCHI.gC 

FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA 
TURE DERATING bURVE 
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RFD16N05L. RFD16N05LSM 


PULSE DURATION=0Ous Tc=25degC 







/ 

'/ 




// 





If 




VIb»-3V 

///" 










f 




Vgs-2V 


DRAIN-TO-SOURCE VaiAGE Vds)-V 

FiGURE 5. TYPICAL SATURATION CHARACTERISTICS 


PULSE TEST 

PULSE 0URAT10N<«Im 
0UTYCVCU-5KIMK 


/ / 
/A' 

7 - 



/ 




!/ 



/ 

y 



j 








GATE-TO-SOURCE VOLTAGE 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 



JUNCTION TEMPERATURE (Tp-deaC 

FIGURE 7. NORMALIZED rDs(on) vs JUNCTION TEMPERATURE 





Vos - VOLTS) 

FIGURE 8. NORMALIZED fosCon) vs Vqs 




0 50 KW ISO 

JUNCTION TEMPERATURE (THtgC 



JUNCTION TEMPERATURE fTjl-degC 


FIGURE 9. TYPICAL NORMALIZED GATE THRESHOLD VOLTAGE FIGURE 10. DRAIN SOURCE BREAKDOWN VOLTAGE vs TEM¬ 
PERATURE 
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CAPACITANCE <C)-pf 


RFD16N05L, RFD16N05LSM 


1” 

ii 







11 

ii 
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: 1 " 
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, \ 
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■r 

v.. 

L~ 


/ 



T 




— _ _ _ 





— 


— 

— 

_ 


Vg5=0V FREQUENCY 


DRAIN-TO-SOURCE VOLTAGE (Vqs) - V 
FIGURE 11. TYPICAL CAPACITANCE vs VOLTAGE 


Rl= 3.125 a 
Iq (REF) = 0.60 mA 
VgS=5V 


[ ).75VdSS j -^Vdd = VdSS- 


-jmtX^O.SO Voss 0.50 VdsS^ - 

/\\\\ 0.25 VdsS 0.25 VdsS # 

' DRAIN-SOURCE VOLTAGE ^ 

ig(REF) _Ig(REF) 

time-MICROSECONDS 8° 1^^ 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 

CONSTANT GATE-CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260. 


^tr -H -^t, 

/ Vbs \ 

fio% -d£2L 


GATE CURRENT 


lg2- 


SWITCHING WAVEFORMS 


^G, • Ig2 





SWITCHING TEST CIRCUIT 


FIGURE 13. RESISTIVE SWITCHING 


VARYt p TO OBTAIN 
REQUIRED PEAK II Rq 

__ |-\W 

Vas = svjJI^(|) 



FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 
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RFD16N05L, RFDWNOSLSM 


Spice Model (rfdi 6N05L) 

.SUBCKT RFD16N05L 2 1 3; rev 04/08/92 
•Nominal Temperature = 25®C 

.MODEL MOSMOD NMOS (VTO=2.054 KP=24.73 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

Vto 21 6 0.448 

Rsource 8 7 RDSMOD 0.614E-3 
Rdrain 5 16 RDSMOD 27.38E-3 
.MODEL RDSMOD RES (TCI =3.66E-3 TC2=1.46E-5) 

.MODEL RVTOMOD RES (TCI =-1.81E3 TC2=1.41E-6) 

Ebreakll 7 17 18 70.9 

.MODEL RBKMOD RES (TC1=1.01E-3 TC2=5.21E-8) 

.MODEL DBKMOD D (RS=8.82E-2 TRS1 =-2.01 E-3 TRS2=7.32E-10) 

.MODELDBDMODD(IS=1.34E-13 RS=1.21E-2 TRS1=1.64E-3 TRS2=2.59E-6 +CJO=1.13E-9 TT=4.14E-8) 
Cin 6 8 1.21E-9 
Ca 12 8 3.33E-9 

.MODEL SI AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-4.25 VOFF=-2.25) 

.MODEL SI BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-2.25 VOFF=-4.25) 

.MODEL DPLCAPMODD(CJO=5.22E-10 IS=1e-30 N=10) 

Cb 15 14 3.1 IE-9 

.MODEL S2AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-0.65 VOFF=4.35) 

.MODEL S2BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=4.35 VOFF=-0.65) 

Rgate 9 20 2.98 

Lgate 1 9 1.38E-9 
Ldrain 2 5 1.0E-12 
Lsource 3 7 1.0E-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dpicap 10 5 DPLCAPMOD 
Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 
It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

RIn 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

.ENDS 
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RFD16N06LE 

RFD16N06LESM 


March 1994 


16A, 60V, ESD Rated, Avalanche Rated, Logic Level 
N-Channel Enhancement-Mode Power MOSFETs (MegaFETs) 


Features 

• 16A, 60V 

• *’ds(ON) = 0.0470 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

• Can be Driven Directly from CMOS, NMOS, TTL 
Circuits 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Description 

The RFD16N06LE and RFD16N06LESM N-Channel power 
MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed 
for use in applications such as switching regulators, switch¬ 
ing converters, motor drivers, relay drivers and emitter 
switches for bipolar transistors. This performance is accom¬ 
plished through a special gate oxide design which provides 
full rated conductance at gate bias in the 3V - 5V range, 
thereby facilitating true on-off power control directly from 
logic level (5V) integrated circuits. 

The RFD16N06LE is supplied in the JEDEC TO-251AA plas¬ 
tic package and the RFD16N06LESM is supplied in the JEDEC 
TO-252AA plastic package. Due to space limitations the 
RFD16N06LE and the RFD16N06LESM are branded 16N06L. 

The RFD16N06LE and RFD16N06LESM Incorporates ESD 
protection and is designed to withstand 2KV (Human Body 
Model) of ESD. 

When ordering use the entire part number; eg. RFD16N06- 
LESM. 

Formerly developmental type TA49027. 


Packaging 


JEDEC TO-251AA 
TOP VIEW 


DRAIN 

(FLANGE) 



JEDEC TO-252AA 
TOP VIEW 


DRAIN 

(FLANGE) 




Absolute Maximum Ratings (Tc =+25^C) 

Drain Source Voltage...... 


RFD16N06LE, 

RFD16N06LESM 

60 

UNITS 

V 

Drain Gate Voltage.... 


60 

V 

Gate Source Voltage..... 


+10,-8 

V 

Drain Current 

RMS Continuous...... 

.Id 

16 

A 

Pulsed Drain Current...... 


Refer to Peak Current Cun/e 


Pulsed Avalanche Rating.... 

......Eas 

Refer to UlS Curve 


Power Dissipation 

(Tc = +25'’C)...... 

..........Pd 

90 

W 

Derate above +25°C............ 

.. -Pt 

0.606 

w/oc 

Electrostatic Discharge f=latlng MIL-STD-883, Category B(2). 

__ESD 

2 

KV 

Operating and Storage Temperature......... 


-55 to+175 

°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow prq^er I.C. Handling Procedures. 
Copyright ©Harris Corporation 1994 « 


File Number 3628 


LOGIC LEVEL 
POWER MOSFETs 




















Specifications RFD16N06LE, RFD16N06LESM 


Electrical Specifications Tc = +25°C, Unless otherwise Specified 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

TYP 

MAX 

Drain-Source Breakdown Voltage 

BVqss 

Id = 0.25mA, Vqs = OV 

60 

- 

- 

V 

Gate Threshold Voltage 

Vgs(th) 

Vqs == Vqs, Id = 0.25mA 

a 


2 

V 

Zero Gate Voltage Drain Current 

■ 


Tc = +25°C 

- 

- 

1 

pA 


- 

- 

50 

pA 

Gate-Source Leakage Current 

loss 

Vqs = +10, -SV 

- 

- 

10 

pA 

On Resistance 

'■dS(ON) 

Id=16A,Vgs = 5V 

• 

- 

0.047 

O 

Turn-On Time 

foN 

Vdd = 30V, Id = 16A, 

Rl = 1.88Q, Vgs = 5V, 

Rgs = 50 

- 

- 

100 

ns 

Turn-On Delay Time 

fD(ON) 

- 

11 

- 

ns 

Rise Time 

tR 

- 

60 

■i 

ns 

Turn-Off Delay Time 

^□(OFF) 

- 

48 

- 

ns 

Fall Time 

tF 

- 

35 

- 

ns 

Turn-Off Time 

k)FF 

- 

- 

115 

ns 

Total Gate Charge 

Qg(TOT) 

VGs = 0Vto10V 

Vdd = 48V. 
Id=16A, 

Rl = 30 

- 

51 

62 

nC 

Gate Charge at 5V 

D 

o 

VGs = 0Vto5V 

- 

29 

35 

nC 

Threshold Gate Charge 

Qg(TH) 

VGs = 0Vto1V 

- 

1.8 

2.6 

nC 

Plateau Voltage 

V(PLATEAU) 

Id=16A,Vds = 15V 

- 

- 

3.5 

V 

Input Capacitance 

C|SS 

Vds = 25V,Vgs = 0V, 
f= 1MHz 

- 

1350 

- 

PF 

Output Capacitance 

Coss 

- 

300 

- 

PF 

Reverse Transfer Capacitance 

Crss 

- 

90 

- 

pF 

Thermal Resistance Junction to Case 

f^SJC 

- 

- 

1.65 

°C/W 

Thermal Resistance Junction to Ambient 

RejA 


- 

- 

80 

°C/W 


Source-Drain Diode Specifications 


PARAMETERS 


SYMBOL 


TEST CONDITIONS 


LIMITS 


MIN 


TYP 


MAX 


UNITS 


Forward Voltage 


Isd = 16A 


1.5 


tRR 


Reverse Recovery Time 


IsD =16A, dlsD/dt=100A/^lS 


125 


ns 






























































































































, DRAIN CURRENT (A) ^ ^ ^ Ip, DRAIN CURRENT (A) 


RFD16N06LE, RFD16N06LESM 


Typical Performance Curves 



1 10 100 
Vds. DRAIN-TO-SOURCE voltage (V) 


FIGURE 1. SAFE OPERATING AREA CURVE 



25 50 75 100 125 150 175 


Te, CASE TEMPERATURE (°C) 

IGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 



Vds, DRAIN-TO-SOURCE VOLTAGE (V) 
FIGURE 5 . TYPICAL SATURATION CHARACTERISTICS 



FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 


Tc = +25®C 



t, PULSE WIDTH (s) 

FIGURE 4. PEAK CURRENT CAPABILITY 



qI i n i --I—-1-1-1 

0.0 1.5 3.0 4.5 6.0 7.5 


Vgs, GATErTO-SOURCE VOLTAGE (V) 
FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFD16N06LE, RFD16N06LESM 
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RFD16N06LE, RFD16N06LESM 


Typical Performance Curves (Continued) 



^ . tAV » (L)(Ias)/(1 .3-RATED BVdss * Vdd) 

If R 0 

tAv = (LyR)ln[(lAs*Ry(1.3*RATED BVqss - Vdd) +1] 

1 ” I. 

0.01 0.1 1 

tAv> time in avalanche (ms) 


Test Circuits 


FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


VARYtp TO OBTAIN p 

REQUIRED PEAK Ias 


_FL< 




FIGURE 14. UNCLAMPED ENERGY TEST CIRCUIT 


FIGURE 15. UNCLAMPED ENERGY WAVEFORMS 


-TL 




FIGURE 16. RESISTIVE SWITCHING TEST CIRCUIT 


FIGURE 17. RESISTIVE SWITCHING WAVEFORMS 
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RFD16N06LE, RFD16N06LESM 


Temperature Compensated PSPlCE Model for the RFD16N06LE, RFD16N06LESM 


SUBCKT RFD16N06LE 2 13; 

CA 12 8 3.364e-9 
CB 15 14 3.41e-9 
CIN6 80 1.317e-9 

□BODY 7 5 DBDMOD 
□BREAKS 11 DBKMOD 
□ESDI 91 9 DESD1MOD 
DESD2 91 7 DESD2MOD 
DPLCAP 10 5 DPLCAPMOD 

EBREAK11 7 17 18 75.5 
EDS 148581 
EGS 1386 8 1 
ESG 61068 1 
EVTO20 6 18 81 


LORAIN 2 5 1e-9 
LGATE 1 9 4.9e-9 
LSOURCE 3 7 4.9e-9 

MOS1 16 6 8 8 MOSMOD M = 0.99 
MOS2 16 21 8 8 MOSMOD M = 0.01 

RBREAK17 18RBKMOD 1 
RDRAIN 50 16 RDSMOD 11.86e-3 
RGATE 9 20 2.52 
RIN6 8 1e9 

RSCL1 5 51 RSLVCMOD1e-6 
RSCL2 5 50 1e3 
RSOURCE 8 7 RDSMOD 26e-3 
RVT01819RVT0M0D 1 


rev 8/2/93 



S1A6 12 13 8S1AMOD 
SIB 13 12 13 8S1BMOD 
S2A6 15 1413S2AMOD 
S2B1315 1413S2BMOD 

VBAT8 19DC1 
VTO216 0.49 

ESCL 51 50 VALUE= {(V(5,51)/ABS(V(5,51)))"(PWR(V(5,51)*1e6/93,7.3))} 

.MODEL DBDMOD D (IS = 3.80e-13 RS = 1.12e-2 TRS1 =1.61e-3 TRS2 = 6.08e-6 CJO= 1.05e-9 TT = 3.84e-8) 
.MODEL DBKMOD D (RS = 1.44e-1 TRS1 = 6.59e-3 TRS2 = 9.71e-6) 

.MODEL DESD1MOD D (BV = 13.5 TBV1 = 0 TBV2 = 0 RS = 48 TRS1 = 0 TRS2 = 0) 

.MODEL DESD2MOD D (BV = 10.24 TBV1 = -8.6756e-4 TBV2 = 7.425e-7 RS = 0 TRS1 = 0 TRS2 = 0) 

.MODEL DPLCAPMOD D (CJO = 5.59e-10 IS = 1e-30 N =: 10) 

.MODEL MOSMOD NMOS (VTO = 1.89 KP= 113 IS = 1e-30 N = 10 TOX = 1 L=:1uW = 1u) 

.MODEL RBKMOD RES (TCI = 1.12e-3 TC2 = -9.59e-7) 

.MODEL RDSMOD RES (TCI = 4.98e-3 TC2 = 1.34e-5) 

.MODEL RSLVCMOD RES (TCI = 1.75e-3 TC2 = 3.75e-6) 

MODEL RVTOMOD RES (TCI * -1.86e-3 TC2 = -3.63e-6) 

.MODEL S1AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -3.85 VOFF= -1.85) 

.MODEL S1BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -1.85 VOFF= -3.85) 

.MODEL S2AMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = -2.34 VOFF= 2.76) 

.MODEL S2BMOD VSWITCH (RON = 1e-5 ROFF = 0.1 VON = 2.76 VOFF=-2.34) 


1. For further discussion of the PSPlCE model consult A New PSPlCE Sub-circuit for the Power MOSFet 
Featuring Globai Temperature Options; IEEE Power Electronics Specialist Conference Records 1991. 






a HARRIS Rpp f 7N06L 

N-Channei Logic Level Enhancement-Mode 
August 1991 Power Field-Effect TransIstor 


Features 


Package 


• 17A, 60V 

• ^DS{ON) = 0.1000 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 




SOURCE 

DRAIN 

GATE 


Terminal Diagram 


Description 


N-CHANNEL ENHANCEMENT MODE 


The RFP17N06L is an N-Channel enhancement mode silicon- 
gate power field effect transistor designed for applications 
such as switching regulators, switching converters, motor driv¬ 
ers, relay drivers and drivers for high power bipolar transistors 
requiring high speed and low gate drive power. This type can 
be operated directly from integrated circuits. This performance 
is accomplished through a special gate oxide design which 
provides full rated conductance at gate biases in the 3V - 5V 
range, thereby facilitating true on-off power control directly 
from logic circuit supply voltages. 

The RFP17N06L is supplied in the JEDEC TO-220AB plastic 
package. 


D 



Absolute Maximum Ratings (Tq = +250C) Unless Otherwise Specified 


Drain-Source Voltage.. 

Drain-Gate Voltage (Rqs = 1 Mfl). 

Continuous Drain Current 

RMS Continuous. 

Pulsed Drain Current. 

Gate-Source Voltage . 

Maximum Power Dissipation 

Tc = +250C. 

Above Tq = +250C, Derate Linearly. 

Operating and Storage Junction Temperature Range 


UNITS 


.... Vds 

60 

V 

■••VdGR 

60 

V 

.b 

17 

A 

.Idm 

50 

A 

.... Vqs 

±10 

V 

.Pd 

60 

W 


0.48 

W/OC 

TjrTsTG 

-55to4-150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 


File Number 2272.1 
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Specifications RFP17N06L 


ELECTRICAL CHARACTERISTICS, Af Case Temperature (Tc) = 25° C unless otherwise specified. 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Id — 1 -0 mA, Vgs — 0 V 

60 

' 

V 

Gate Threshold Voltage 

VGs(th) 

Vgs ~ Vds. Ip “ 1 0 mA 

■■t ■;, 

2 

Zero Gate Voltage Drain Current 

loss 

Vds = 48V. Vgs = 0 V 

Tc= 150°C 


1 

50 

pA 

Gate-Source Leakage Current 

loss 

Vgs =-±10 V 


, 100 

nA 

On Resistance 

RosCon) 

Id = 8.5 A, Vgs = 4.0 V 


0.150 




Id = 8.5 A, Vgs = 5.0 V 


0.100 

Q 



Id = 17.0 A, Vgs = 5.0 V 

■■ ■■ 

0.1.30 


Forward Transconductance 

gps 

Id = 8.5 A, Vds = 5.0 V 

6.0 

— 

s, 

Turn-On Delay Time 

Td(on) 

Vdd = 30 V, Id = 8.5 a 


40 


Rise Time 

Tr 

Rgen = 12.5 ohms 

, -r , 

150 

ns 

Turn-Off Delay Time 

Td(off) 

Rgs = 12.5 ohms 

— 

240 

Fall Time 

Tf 

Vgs = +5 V 


110 


Total Gate Charge 

Qg(total) 

Id = 8.5 A, Vdd = 30 V 

Vgs= 10 V, RL = 3.5ohms 


45 

nC 

Gate Charge at 5 volts 

Q«(5) 

Vgs = 5V 

— 

25 

Threshold Gate Charge 

Qofth) 

< 

o 

Cfl 

II 

< 

■ — 

2.0 


Thermal Resistance Junction to Case 

R^jc 



2.083 

°C/W 

Thermal Resistance Junction to Ambient 

< 

tr 


— • 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Forward Voltage 

VsD 

Isd=17A 


1.2 

V ^ , 

Reverse Recovery Time 

trr 

If = 17A, dlF/dt = 100 A//iS 

115 (typ) 

'-■'■■'nS’’ ■ 



Fig. 1 - Maximum safe operating areas for all types. 
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RFP17N06L 



POWRFP17N06LCF6 


Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 



92CS-38I45 

Fig. 3 - Typical normalized gate threshold voltage as a function 
of junction temperature for all types. 



JUNCTION TEMPERATURE (T, j-^C 

92CS-30(46 




Fig. 4 - Normalized drain-to-source on resistance vs. junction . Fig: 5 - Typical transfer characteristics for all types, 

temperature for all types. 


PULSE DURAT10N=250i]s DUTY CYCLE <2% Tc=25degC 




Fig. 6 - Normalized switching waveforms for constant gate-current. 
Refer to Harris application notes AN7254 and AN-7260. 


Fig. 7 - Typical saturation characteristics for all types. 
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POWER MOSFETs 























FORWARD TRANSCONDUCTANCE (gfs)-mho 


RFP17N06L 



DRAIN CURRENT ODKA DRAIN-TO-SOURCE VOLTAGE VDSI-V 

RDSRFPf7N06LCF7 CAPflFP17N06LCF1 

Fig. 8 - Typical drain-to-source on resistance as a function drain Fig. 9 - Capacitance as a function of drain-to-source voltage for 

current for all types. a// types. 


PULSE DURAT10N=250us DUTY CYCL£<2% Vds=10V 



DRAIN CURRENT flDhA 


GFSRFPf7N06LCF6 



Fig. 10 - Typical forward transconductance as a function of drain 
current for all types. 


Fig. 11 - Switching Time Test Circuit. 
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RFP25N05L 


June 1992 


N-Channel Logic Level Enhancement-Mode 
Power Field-Effect Transistor (MegaFETs) 


Features 

• 25A, 50V 

• ''DS{ON) = 0.047CL 

• UlS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

• Operating Temperature..+150^0 

Description 

The RFP25N05L is an N-Channel logic level power MOSFETs 
are manufactured using the MegaFET process. This process, 
which uses feature sizes approaching those of LSI integrated 
circuits gives optimum utilization of silicon, resulting in out¬ 
standing performance. The RFP25N05L was designed for use 
with logic level {5V) driving sources in applications such as 
programmable controllers, automotive switching, switching 
regulators, switching converters, motor relay drivers and emit¬ 
ter switches for bipolar transistors. This performance Is accom¬ 
plished through a special gate oxide design which provides full 
rated conductance at gate biases in the 3V - 5V range, thereby 
facilitating true on-off power control directly from logic circuit 
supply voltages. 

The RFP25N05L is supplied in the JEDEC TO-220AB plastic 
package. 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tq = + 25 OC), Unless otherwise Specified 


Continuous Drain Current 
RMS Continuous. 


Single Pulse Avalanche Energy Rating 


Maximum Power Dissipation 

Tc = +250C. 

Above Tq = + 25 OC, Derate Linearly. 

Operating and Storage Junction Temperature Range. 


... Vds 

60 

V 

•VdgR 

50 

V 

.b 

25 

A 

....idm 

65 

Refer to UlS SOA Curve* 

A 

• • • Vgs 

±10 

V 

.Pd 

60 

W 


0.48 

W/OC 

TjpTsTG 

-55 to+150 

OC 


* See Figures 13, 14 and 15 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 2270,1 
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Specifications RFP25N05L 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25° C unless otherwise specified: 


CHARACTERISTIC 



LIMITS 

UNITS 

TEST CONDITIONS 

MIN. 

MAX. 

Drain-Source Breakdown Voltage 

BVdss 

Id = 0.25 mA, Vgs = 0 V 

50 

— 


Gate Threshold Voltage 

VGs(th) 

Vgs — Vds, I 

D = 0.25 mA 

1 

2 


Zero Gate Voltage Drain Current 

loss 

Vds = 40 V, Vgs = 0 V 
Tc=150°C 

- 

1 

50 

pA 

Gate-Source Leakage Current 

less 

Vgs = ±10 V, Vds = 0 V 

— 

100 

nA 

Static Drain-Source On Resistance 

rDs(on) 

Id = 25 A, Vgs = 5 V 

Id = 25 A, Vgs = 4 V 

- 

0.047 

0.056 

0 

Turn-On Time 

t(on) 



— 

60 


Turn-On Delay Time 

td(on) 

Vdd = 25 V, Id =12.5 A 

— 

15 (typ.) 


Rise Time 

tr 

~ Ig2 ~ 1 A 

— 

35 (typ.) 

ns 

Turn-Off Delay Time 

td(off) 

VGs(clamp)±5 V,-0.6y 

— 

40 (typ.) 

Fall Time 

tf 

Rl = 

20 

— 

14 (typ.) 


Turn-Off Time 

t(off) 



— 

100 


Total Gate Charge 

Qg(total) 

Vgs = 0-10 V 

Vdd = 40 V 

— 

80 


Gate Charge at 5 V 

Q9(5) 

Vgs = 0-5 V 

Id = 25 A 

— 

45 

nC 

Threshold Gate Charge 

Qg(th) 

Vgs = 0-1 V 

Rl=1.6 0 

— 

3 


Plateau Voltage 

V(plateau) 

Id ==25 A, Vds = 15 V 

— 

4 

V 



Vdd = 25 V, Id = 

12.5 A, Rl = 2 0 




Turn-Off Energy Loss per Cycle 

Eoff 

L = 0.2/iH, |g1 = |g2=1 A 

Vgs (Clamp) ± 5 V, -0.6 V 

— 

30 

//J 

Thermal Resistance, Junction-to-Case 

R^jc 


— 

2.083 

°C/W 

Thermal Resistance, Junction-to-Ambient R^ja 


— 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS: 


CHARACTERISTIC 

TEST CONDITIONS 

1 LIMITS 1 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VsD 

Isp = 25 A 

— 

1.5 

V 

Reverse Recovery Time 

trr 

If = 25 A, dlF/dt=100A//iS 

— 

125 

ns 



Fig. 1 - Safe operating area curve. (Curves must be derated 
linearly with increase in temperature.) 



Fig. 2 - Maximum continuous drain current vs. temperature. 
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ON-STATE DRAIN CURRENT [Id(on)] 


RFP25N05L 



POWGEP2SNOSUCF6 


PULSE DURATION=80us Tc=25de9C 








/ > 

/ 




/ / 








Vos=4V 






/ 

// 




// 

/ 




/// 


- 1 



i// 





h/ ^ 




Vfl#=3V 

i/// 





If 





f 




Vqs=2V 


0 1.5 3.0 4.5 6.0 7.5 

DRAIN-TO-SOURCE VOLTAGE Wds)-V 

SATGEP25N05LCF6 


Fig. 3 - Normalized power dissipation vs. temperature 
derating curve. 


Fig. 4 - Typical saturation characteristics. 



lit=2SA 




Fig. 5 - Typical transfer characteristics. 


Fig. 6 - Normalized switching waveforms for constant gate-current 
Refer to Harris application notes AN7254 and AN-7260. 




Fig. 7 - Normalized ras(on) vs. junction temperature. 


Fig. 8 - Typical normalized gate threshold voltage. 
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POWER MOSFETs 









RFP25N05L 



BV0GEP26N05LCF6 

Fig. 9 - Drain source breakdown voltage vs. temperature. 



DRAIN-TO-SOURCE VOLTAGE (Vqs)—V 

CAPGEP25N05LCF6 

Fig. 10 - Typical capacitance vs. voltage 



Fig. 11 - Normalized switching waveforms for constant gate-current 
(Refer to Harris application notes AN-7254 and AN-7260) 



SWITCHING TEST CIRCUIT SWITCHING WAVEFORMS 


.'92CS-42922 

Fig. 12 - Resistive switching. 
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RFP25N05L 


vgs = 


Vds ®''dss 




Fig. 13 - Undamped energy test drcuit. 


Fig. 14 - Undamped energy waveforms. 



0.01 0.10 1.00 10.00 


TIME IN fiVRLRNCHE (tav) - MILLISECONDS 



Fig. 15 - Undamped-lndudive-Switching SOA 
(Single Pulse UlS SOA) 


6-107 


LOGIC LEVEL 
POWER MOSFETs 





©HARRIS RFP25N06L 

N-Channel Logic Level Enhancement-Mode 
August 1991 Power Field-Effect Transistor (L^FET) 


Features 

• 25A, 60V 

• ^DS(ON) = o.ossn 

• Design Optimized for 5V Gate Drives 

• Can be Driven Directly from QMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SO A is Power-Dissipation Limited 

• Nanoscecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 

Description 

The RFP25N06L is an N-Channel enhancement-mode sili¬ 
con-gate power field-effect transistor specifically designed for 
use with logic level (5V) driving sources in applications such as 
programmable controllers, automotive switching and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate biases in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic circuit supply voltages. 

The RFP25NG6L is supplied in the JEDEC TO-220AB plastic 
package. 

Because of space limitations branding (marking) on type 
RFP25N06L is F25N06L. 


Package 

TO-220AB 
TOP VIEW 

SOURCE 
DRAIN 
GATE 



Terminai Diagram 

N-CHANNEL ENHANCEMENT MODE 
' D 



Absolute Maximum Ratings (Tq = +25PC) Unless Otherwise Specified 

Drain-Source Voltage...........; i..... ^.. 

Drain-Gate Voltage (Rqs = 1 MFl).. • • • • - r • • • ... • • ... • • •... •. • • 

Continuous Drain Current 

RMS Continuous...;...................... 

RMS Continuous @ Tq = +850C ...._.... ,.. ,...._____ ,V ,............ 

Pulsed Drain Current........ i_________ 

Gate-Source Voltage ................... 

Maximum Power Dissipation 

Tc = +250C.............. ......;. 

AboveTc = +250C Derate Linearly.......,............. .V.......... ^.,..... 

Operating and Storage Junction Temperature Range.......................... 


UNITS 


.... Vds 

60 

V 

••• VdGR 

60 

V 

.. Id 

25 

A 


18 

A 

. ....Idm 

60 

A 

Vgs 

±10 

V 

.,....Pd 

75 

w 


0.6 

W/OC 

Tj,TstG 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper IXI. handling procedures should be follovyed. pUg Number 2044 1 

Copyright tg) Harris Corporation 1991 
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Specifications RFP25N06L 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25° C Unless Otherwise Specified 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

RFP25N06L 

UNITS 




MIN. 

MAX. 


Drain-Source Breakdown 

Voltage 

BVdss 

Id = 1 mA 

Vgs — 0 

60 

- 

V 

Gate Threshold Voltage 

VGS(th) 

Vgs = Vds 

Id = 1 mA 

1 

2 

V 

Zero Gate Voltage Drain 


Vds = 40 V 

- 

- 


Current 

loss 

Vds = 50 V 

- 

1 




Tc = 125°C 






Vds = 40 V 

- 

- 




Vds = 50 V 

- 

50 


Gate-Source Leakage 

Current 

loss 

Vgs = 10 V 

Vds = 0 

- 

100 

nA 

Drain-Source On Voltage 

VoSton)® 

Id = 12.5 A 

Vgs = 5V 

- 

1.06 

V 



Id = 25 A 

Vgs = 5V 

- 

2.5 

Static Drain-Source 

On Resistance 

rDS(on)® 

Id = 12.5 A 

Vgs = 5V 

- 

0.085 

Q 

Forward Transconductance 

Qfs® 

Vds = 5V 

Id = 12.5 A 

5 


mho 

Input Capacitance 

Ciss 

Vds = 25 V 

Vgs = 0 V 

f = 1 MHz 

- 

2000 


Output Capacitance 

Coss 

- 

900 

pF 

Reverse Transfer 

Capacitance 

Crss 

■ 

400 

Turn-On Delay Time 

td(on) 

Vds = 30 V 

18(typ.) 

60 


Rise Time 

tr 

Id = 12.5 A 

120 (typ.) 

225 


Turn-Off Delay Time 

td(off) 

Rgen = «> 

123 (typ.) 

225 

ns 

Fall Time 

tf 

Rgs = 6.25 O 

123 (typ.) 

200 




> 

in 

II 

> 




Thermal Resistance Junction-to^Case 

R«jc 

RFP25N06L 


167 

°C/W 


apulsed: Pulse duration = 300/iS max,, duty cycle = 2%. 
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RFP25N06L 



92GS-44238 

Fig. 1 - Maximum operating areas for all types. 



92CS-42990 

Fig. 2 - Power dissipation vs. case temperature derating curve for 
all types. 



92CS-37066 

Fig. 4 - Typical normalized gate threshold voltage as a function of 
junction temperature for all types. 



CASE TEMPERTURE (Tc)-*C 

92CS-4299r 


Fig. 3 - Maximum continuous drain current vs. case temperature. 



Fig. 5 - Normalized drain-to-source on resistance to junction 
temperature for all types. 
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DRAIN CURRENT (Id)-A I 'P' ON-STATE DRAIN CURRENT [igC 
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RFP25N06L 



Fig. 12 - Normalized switching waveforms for constant gate- 
current. Refer to Harris application notes AN 7254 and 
AN-7260. 
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SEMICONDUCTOR 


RFP30N06LE 


30A, 60V, ESD Rated, Avalanche Rated, Logic Level 
January 1994 N-Channel Enhancement-Mode Power MOSFET (MegaFET) 

Features 

• 30A,60V 

• •’ds(ON) = 0.047^2 

• 2KV ESD Protected 

• Temperature Compensating PSPICE Model 

• Can be Driven Directly from CMOS, NMOS, TTL 
Circuits 

• Peak Current vs Pulse Width Curve 

• UlS Rating Curve 

Description 

The RFP30N06LE N-Channel power MOSFET is manufac¬ 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of silicon, resulting in outstanding 
performance. They were designed for use in applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers and emitter switches for bipolar transis¬ 
tors. This performance is accomplished through a special 
gate oxide design which provides full rated conductance at 
gate bias in the 3V - 5V range, thereby facilitating true on-off 
power control directly from logic level (5V) Integrated circuits. 

The RFP30N06LE incorporates ESD protection and is 
designed to withstand 2KV (Human Body Model) of ESD. 

The RFP30N06LE is supplied in the JEDEC TO220AB plastic 
package. Due to space limitations the RFP30N06LE is branded 
P30N06LE. 

When ordering use the entire part number; RFP30N06LE, 

Formerly developmental type TA49027. 


Absolute Maximum Ratings (Tc = + 25 °C) 




RFP30N06LE 

UNITS 

Drain Source Voltage. 

.Vqss 

60 

V 

Drain Gate Voltage. 


60 

V 

Gate Source Voltage. 

.Vqs 

+10, -8 

V 

Drain Current 




RMS Continuous. 


30 

A 

Pulsed Drain Current. 

.Idm 

Refer to Peak Current Cun/e 


Pulsed Avalanche Rating. 

CO 

< 

UJ 

Refer to UlS Cun/e 


Power Dissipation 




(Tc = +25°C). 

.Pd 

96 

W 

Derate above +25°C. 

.Pt 

0.645 

W/°C 

Electrostatic Discharge Rating MIL-STD-883, Category B(2). 

.ESD 

2 

KV 

Operating and Storage Temperature. 

.'rSTG»Tj 

-55 to +175 

°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. pjlg Number 3629 

Copyright © Harris Corporation 1994 


Package 


DRAIN 

(FLANGE) 


TO-220AB 
TOP VIEW 


o 


Z> SOURCE 
DRAIN 


Symbol 
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Specifications RFP30N06LE 


Electrical Specifications Tc = -I-25°C. unless otherwise Specified 


PARAMETERS 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 



Gate Charge at 5V 


Threshold Gate Charge 


Plateau Voltage 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Thermal Resistance Junction to Case 


Thermal Resistance Junction to Ambient 


80 °C/W 


Source-Drain Diode Specifications 





LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

MIN 

TYP 

MAX 

UNITS 

Forward Voltage 

o 

CO 

> 

IsD = 30A 

- 

- 

1.5 

a 

Reverse Recovery Time 

fRR 

IsD = 30A, dlso/dt = 100A/ps 

- 

- 

125 

ns 






























































































































RFP30N06LE 


Typical Performance Curves 


Tc = +25®C 






r 






100^8 




1 






1 


I operation in this 





z: 



f— AC 









i 











^lOms 

UMITED BY rDS(ON) 

- 1 - 1 - 1 t t t I 





!S 


r-yjY 

100 m 8 


I I I M MM VdssMAX = 60V I 

10 

Vqs, DRAIN-TO-SOURCE voltage (V) 

FIGURE 1. SAFE OPERATING AREA CURVE 



10*5 ^0*^ 10-5 10'2 10’^ 10° 10^ 

t, RECTANGULAR PULSE DURATION (s) 

FIGURE 2. NORMALIZED MAXIMUM TRANSIENT THERMAL 
IMPEDANCE 



25 50 75 100 125 150 175 

Tc, CASE TEMPERATURE {^C) 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 


Tc = +25°C 


FOR TEMPERATURES 
ABOVE 25®C DERATE PEAK 
CURRENT AS FOLLOWS: 


TRANSCONDUCTANCE - _ 

MAY UMiT CURRENT 
IN THIS REGION 

11....... . I iiiiiiil Limml _LLUmil 
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FIGURE 4. PEAK CURRENT CAPABILITY 


PULSE DURATION s 250^8, Tc »■».25^C 
Vgs = 10V 

_Vgs = 5V 

Vgs = 4.5V 

^- 

_Vgs = 4V 


Vdd=15V 


Vds. DRAIN-TO-SOURCE VOLTAGE (V) 

FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


PULSE TEST I 

80 ~ PULSE DURATION = 250^8 
DUTY CYCLE s 0.5% MAX 


Y 


f +25®C 

y^'+iT^ 
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Vgs, GATE-TO-SOURCE voltage (V) 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 
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RFP30N06LE 


Typical Performance Curves (Continued) 


PULSE DURATION s 250^8, Vqs a 5V, Ip « 30A 


Vgs»Vds, lDa250jiA 



-80 -40 0 40 80 120 160 200 

Tj, JUNCTION TEMPERATURE (®C) 

FIGURES. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 


0 25 50 75 100 125 15( 

Tc, CASE TEMPERATURE (®C) 
FIGURE 10. NORMALIZED POWER DISSIPATION VS 
TEMPERATURE DERATING CURVE 


Vgs = 0V FREQUENCY (f) = 1 MHz 
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0 5 10 15 20 25 

Vps, DRAIN-TO-SOURCE VOLtAGE (V) 

FIGURE 11. TYPICAL CAPACITANCE vs DRAIN-TO-SOURCE 
VOLTAGE 
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>G(REF) = 0.62mA 
Vgs = 5V 


wm 
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figure 12. normalized switching waveforms FOR 

CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260 


6-116 


(A) aovnoA aounos aivo 










RFP30N06LE 


Typical Performance Curves (Continued) 



0.01 0.t 1 10 


tAv. time IN AVALANCHE (ms) 
FIGURE 13. UNCLAMPED INDUCTIVE SWITCHING 


Test Circuits 


Vds 





FIGURE 16. RESISTIVE SWITCHING WAVEFORMS FIGURE 17. RESISTIVE SWITCHING TEST CIRCUIT 
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m HARRIS RFP50N05L 

RFG50N05L 

N-Channel Logic Level Enhancement-Mode 
May 1992 Power Field-Effect Transistors (MegaFETs) 


Features 

• UIS SOA Rating Curve (Single Pulse) 

• Design Optimized for 5V Gate Drive 

• Can be Driven Directly from CMOS, NMOS, TTL Circuits 

• Compatible with Automotive Drive Requirements 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• Majority Carrier Device 


Package 


RFP50N05L 
TO-220AB 
TOP VIEW 


DRAIN 

(FLANGE) 


u 


o 



> SOURCE 

> DRAIN 
>GATE 


RFG50N05L 
TO-247 
TOP VIEW 


Description 

The RFP50N05L and RFG50N05L N-channel logic-level pow¬ 
er MOSFETs are manufactured using the MegaFET process. 
This process, which uses feature sizes approaching those of 
LSI integrated circuits gives optimum utilization of silicon, 
resulting in outstanding performance. They were designed for 
use with logic-level (5V) driving sources in applications such 
as programmable controllers, automotive switching, switching 
regulators, switching converters, motor relay drivers, and emit¬ 
ter switches for bipolar transistors. This performance is accom¬ 
plished through a special gate oxide design which provides full 
rated conductance at gate bias in the 3V - 5V range, thereby 
facilitating true on-off power control directly from integrated 
circuit supply voltages. 

The RFP50N05L is supplied in the JEDEC TO-220AB plastic 
package and the RFG50N05L is supplied in the TO-247 plas¬ 
tic package. 


> SOURCE 

> DRAIN 
>GATE 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 


G 

S 



DRAIN 

(TAB) 



Maximum Ratings, Absolute-Maximum Values (Tq = ■f250C) 

Drain-Source Voltage....... 

Drain-Gate Voltage (Rqs - MG) .. 

Continuous Drain Current 

RMS Continuous ........... 

Pulsed Drain Current..... 

Single Pulse Avalance Rating, Refer to UIS SOA Curve 

Gate-Source Voltage ................. 

Maximum Power Dissipation 

Tc = +250C .. 

Above Tq = + 250 G, Derate Linearly . 

Operating and Storage Junction Temperature Range..... 


UNITS 


... Vds 

50 

V 

•••VdGR 

50 

V 

.Id 

50 

A 

.«DM 

130 

A 

.... Vgs 

±10 

V 

.Pd 

110 

W 


0.88 

W/OC 

Tj.TstG 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. pjjg isjymber 2424.1 

Copyright © Harris Corporation 1992 
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Specifications RFP50N05L RFG50N05L 


ELECTRICAL CHARACTERISTICS At Case Temperature (Tc) = 25^0 unless otherwise specified. 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Drain-Source Breakdown Voltage 

BVDSS 

ID = 0.25 mA,VGS = 0V 

50 

- 

V 

Gate Threshold Voltage 

VGS<th) 

VGS = VDS, ID = 0.25 mA 

1 

2 

Zero Gate Voltage Drain Current 

IDSS 

VDS = 40V,VGS = 0V 

Tc = 150OC 

- 

1 

50 

mA 

Gate-Source Leakage Current 

IGSS 

VGS = ±10V,VDS= OV 

- 

100 

nA 

Static Drain-Source on Resistance 

rDS(on) 

ID = 50A,VGS = 5V 

ID = 50 A, VGS = 4V 

- 


n 

Turn-On Time 

t(on) 

VDD = 25 V, ID = 25 A 

Igl = Ig2 = 2 A 

VGS (clamp): +5 V, -0.6 V 

RL = 1 n 

- 

100 

ns 

Turn-On Delay Time 

td(on) 

15(typ) 

- 

Rise Time 

tr 

50(typ) 

- 

Turn-Off Delay Time 

td(off) 

50(typ) 

- 

Fali Time 

tr 

15(typ) 

- 

Turn-Off Time 

t{off) 

- 

100 

Totai Gate Charge 

Qg(totai) 

VGS = 0to10V 

VDD = 40 V 

ID = 50 A 

RL = 0.8 n 

- 

140 

nC 

Gate Charge at 5V 

Qg(5) 

VGS = 0to5V 

- 

80 

Threshoid Gate Charge 

Qg(th) 

VGS = 0to1 V 

- 

6 

Plateau Voltage 

V(plateau) 

ID = 50A,VDS= 15 V 

- 

4 

V 

Turn-Off Energy Loss per Cycle 

Eoff 

VDD = 25V,ID = 25A,RL = 1 fl 

L = 0.2 ^H,lg1 = lg2 = 2A 

VGS (damp):+5 V, -0.6 V 

- 

150 

mJ 

Thermal Resistance, Junction to Case 

R0JC 


- 

1.14 

OC/W 

Thermal Resistance, Junction to Ambient 

R0JA 


- 

80 


SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 





LIMITS 


CHARACTERISTICS 


TEST CONDITIONS 

MIN 

MAX. 

UNITS 

Diode Forward Voltage 

VSD 

ISD = 50 A 

- 

1.5 

V 

Reverse Recovery Time 

trr 

ISD = 50 A, dISD/dt = 100 A/ps 

- 

1.25 

ns 




Figure 1 - Safe operating area curve. 

(Curves must be derated linearly with increase in temperature.) 


Figure 2 - Unclamped-inductive-switching safe-operating-area 
(single pulse UlS SOA). See Figure 14 for test circuit. 























































































































DRRIN CURRENT (Id) - AMPS C* DRRIN CURRENT (Id) 


RFP50N05L, RFG50N05L 




Figure 4 - Normalized power dissipation vs temperature derating curve. 



Figure 5 - Typical saturation characteristics. 



Figure 7 - Normalized Rds(on) v'S junction temperature. 



Figure 6 - Typical transfer characteristics. 



GRTE-SOURCE-VOLTRGE (Vgs) - VOLTS 


Figure 8 - Normalized Rds(on) vs Vgs. 
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NORMRLIZED GATE THRESHOLD VOLTRGE 
[Vge(lh)] 


RFP50N05L, RFG50N05L 



JUNCTION TEMPERATURE CTj) - degC JUNCTION TEMPERATURE (TJ) - degC 


Figure 9 - Normalized gate threshold voltage. Figure 10- Normalized drain source breakdown voltage vs temperature. 



Figure 11 - Typical capacitance vs voltage. Fig. 12 - Normalized switching waveforrps for constant gate- 


current. Refer to Harris application notes AN7254 and 
AN^7260. 



Switching Test Circuit Switching Waveforms 

Figure 13- Resistive switching. 
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RFP50N05L, RFG50N05L 


BVOSS 




Figure 14 - Unclamped-inductive-switching test 




fl) HAFIRIS RFD10P03L, RFD10P03LSM 
VBJ tE..coHDucTo, RFP10P03L 


March 1994 


10A, -30V, Avalanche Rated, Logic Level P-Channel 
Enhancement-Mode Power MOSFETs (MegaFETs) 


Features 

• 10A,-30V 

• ^DSCON) ® 0.200Q 

• UlS Rating Curve (Single Pulse) 

• SOA is Power-Dissipation Limited 

• Nanosecond Switching Speeds 

• Linear Transfer Characteristics 

• High Input Impedance 

• -t-ITS^C Operating Temperature 

• PSPICE Model 

Description 

The RFP10P03L P-Channel power MOSFETs are manufac¬ 
tured using the MegaFET process. This process, which uses 
feature sizes approaching those of LSI integrated circuits 
gives optimum utilization of siiicon, resuiting in outstanding 
performance. They were designed for use in applications 
such as switching regulators, switching converters, motor 
drivers, relay drivers and emitter switches for bipolar transis¬ 
tors. These transistors can be operated directly from inte¬ 
grated circuits. 

The RFD10P03L is supplied in the JEDEC TO-251AA plastic 
package, the RFD10P03LSM is supplied in the JEDEC 
TO-252AA plastic package and the RFP10P03L is supplied in 
the JEDEC TO-220AB plastic package. Due to space limita¬ 
tions the RFD10P03L and the RFD10P03LSM are branded 
10P03L and the RFP10P03L Is branded FP10P03L 

When ordering use the entire part number; e.g. RFD10- 
P03LSM. 

Formerly developmental type TA49012. 


Package 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


TO-251AA 
TOP VIEW 



TO-252AA 
TOP VIEW 


'H ""to 

3 DR 

U t CD 


JD SOURCE 
DRAIN 



Absolute Maximum Ratings (Tq = +25°C) 


RFDIOPOSL, 

RFD10P03LSM, 




RFP10P03L 

UNITS 

Drain Source Voltage.. *........... 


-30 

V 

Drain Gate Voltage....... 

... • • Vdgr 

-30 

V 

Gate Source Voltage......... 

Drain Current 

.. Vqs 

10 

V 

RMS Continuous ............ 


to 

A 

Pulsed Drain Current........ 



A 

Single Pulse Avalanche Rating ______^. 

Power Dissipation 

.... Eas 

Refer tb UlS Curve 


(Tc = +25“P) .. 

... ... Pd 

60 

W 

Derate above +25®C ........ 

.... Pt 

0.4 

W/®C 

Operating and Storage Temperature________ i:.....__ 


-55 to+175 

°c 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper l.C. Handling Procedures. 
Copyright © Harris Corpbration 1993 « ioa 
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Specifications RFD10P03L, RFD10P03LSM, RFP10P03L 


Electrical Specifications Tq = +25°c, Unless otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


Total Gate Charge 


Gate Charge at 5V 


Threshold Gate Charge 


Plateau Voltage 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 


SYMBOL 


BVqss 


TEST CONDITIONS 


D = 0.25mA, Vqs = OV 


Vgs(TH) Vqs = Vqs, Iq = 0.25mA 



Source-Drain Diode Ratings and Characteristics 


CHARACTERISTIC 


Forward Voltage 

VsD 

Reverse Recovery Time 

tRR 


TEST CONDITIONS 


so = -10A 


tfiR .1 IsD ~ =-100A/}iS , 


LIMITS 


MIN TYP MAX 
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CURRENT (Id) -AMPS 


RFDldP03L, RFD10P03LSM, RFP10P03L 


Typical Performance Characteristics 


CASE TEMPERATURE (Tc) = +25®C 



CASE TEMPERATURE (Tc) - ®C 

FIGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE. 


CASE TEMPERATURE (Tc) -”C 

FIGURE 4. NORMALIZED POWER DISSIPATION vs TEMPERA 
TURE DERATING CURVE. 


PULSE DURATION = 250fis Jq = +25®C 



DRAIN-TO-SOURCE VOLTAGE (Vos) - VOLTS 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS. 


-0.0 -1.0 -2.0 -3.0 -4.0 -5.0 -6.0 -7.0 -8.0 

GATE-TO-SOURCE VOLTAGE (Vqs) - VOLTS 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 


Typical Performance Characteristics (Continued) 


PULSE DURATION s 250)18, Vqs = -5V, Ip ° 10A 


^GS ~ VpS Ip = 250^A 



-80 -40 0 40 80 120 160 20C 

JUNCTION TEMPERATURE (Tj) - ®C 

FIGURE 7. NORMALIZED rDS(ON) vs JUNCTION TEMPERA¬ 
TURE. 



-80 -40 0 40 80 120 160 200 

JUNCTION TEMPERATURE (Tj) - ®C 

FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 
TEMPERATURE. 



Vgs s OV frequency (f) = 1 MHz 


-80 -40 0 40 80 120 160 2( 

JUNCTION TEMPERATURE (Tj) - ®C 

FIGURE 9. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE. 





C|SS 












CrsS 







0 -5 -10 -15 -20 

DRAIN^TO-SOURCE VOLTAGE (Vqs) - VOLTS 

FIGURE 10 TYPICAL CAPACITANCE vs VOLTAGE. 


(Tc)«-f25<>C.lD«SA 



-3.0 -4.0 -5.0 -6.0 -7.0 -8.0 -9.0 -10 

GATE-TO-SOURCE VOLTAGE (Vqs) - VOLTS 

FIGURE 11. NORMALIZED rDS(ON) vs GATE VOLTAGE FOR 
CONSTANT DRAIN CURRENT. 



■ „*G(REF) on®(REF) 

20-- TIME(t)-ji» 80-- 

‘G(ACT) 'G(ACT) 


FIGURE 12. NORMALIZED SWITCHING WAVEFORMS FOR 

CONSTANT GATE CURRENT. REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 



Vds 



BVPSS 



^. _^1 


\ 


'p 1 




\ 

Vds 


/ 

\ 


— 

tAV 



FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT. FIGURE 16. UNCLAMPED ENERGY WAVEFORMS. 
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RFD10P03L, RFD10P03LSM, RFP10P03L 


PSPICE Model for the RFD10P03L, RFD10P03LSM, RFD10P03L (Temperature Compensated^ 

CA 12 8 1.42e-9 
CB 15 14 1.3e-9 
CIN 6 8 0.67e-9 

□BODY 5 7 DBDMOD 
DBREAK711 DBKMOD 
DPLCAP 10 6 DPLCAPMOD 

EBREAK5 11 17 18-51.9 
EDS 14 85 8 1 
EGS 138 681 
ESG5 108 61 
EVTO20 6 818 1 

IT 8 17 1 

LDRAIN2 5 1e-9 
LGATE 1 9 8.7e-12 
LSOURCE 3 7 7.6e-9 

MOS1 16 6 8 8 MOSMOD M=0.99 
MOS2 16 21 8 8 MOSMOD M=0.01 

RBREAK17 18RBKMOD1 
RDRAIN 5 16 RDSMOD 79.08e-3 
RGATE 9 20 12.25 
RIN6 8 1e9 

RSOURCE 8 7 RDSMOD 27.49e-3 
RVTO 18 19 RVTOMOD 1 

S1A6 12 13 8S1AMOD 
S1B13 12 138S1BMOD 
S2A6 15 14 13S2AMOD 
S2B1315 14 13S2BMOD 

VBAT 8 19 DC 1 
VTO 21 6 -0.50 

.MODEL DBDMOD D(IS=1.14e-13 RS=2.86e-2 TRS1=6.29e-4 TRS2=-2.76e-6 CJO=8.55e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=3.32e-1 TRS1=5.50e-3 TRS2=-5.38e-5) 

.MODEL DPLCAPMOD D (CJO=0.43e-9 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=6.07e-4 TC2=3.30e-6) 

.MODEL RDSMOD RES (TC1=3.48e-3 TC2=8.83e-6) 

.MODEL RVTOMOD RES (TC1=-1.51e-3 TC2=8.74e-7) 

.MODEL SIAMODVSWITCH(RON=1e-5 ROFF=0.1 VON=4.42 VOFF=2.42) 

.MODEL SI BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=2.42 VOFF=4.42) 

.MODEL S2AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=1.43 VOFF=-3.57) 

.MODEL S2BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-3.57 VOFF=1.43) 


NOTE: For further discussion of the PSPICE model consult A New PSPICE Sub-circ 
Global Temperature Options : authored by William J. Hepp and C. Frank Wheatley. 
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INTELLIGENT DISCRETES 


INTELLIGENT DISCRETE DATA SHEETS 

RFB18N10CS Current Sensing N-Channel Enhancement-Mode Power Field-Effect Transistor 

RFV10N50BE 10A, 500V, Fast Switching N-Channel Enhancement-Mode Power MOSFETs . 

RLP1N06CLE Voltage-Clamping Current-Limited ESD-Protected N-Channel 

Enhancement-Mode Power Field-Effect Transistor. 

RLP1N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 

RLP5N08LE Current Limited ESD Protected N-Channel Enhancement-Mode Power 

Field-Effect Transistor. 
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SEMICONDUCTOR 


RFB18N10CS 


April 1993 


Current Sensing N-Channel 
Enhancement-Mode Power Field-Effect Transistor 


Features 

• 18A, 100V 

• foSCON) • • • ■ ... o.lfl 

• Built-In Current Sensing Ratio.1350 to 1650 

• UlS SOA Rating Curve (Single Pulse) 

• -55^C to +175^C Operating and Storage Temperature 


Description 

The RFB18N10CS is an n-channel enhancement-mcxie silicon- 
gate power field-effect transistors which have a built-in current 
sensing function. The current sense lead provides an accurate 
fraction of the drain current that can be used as a feedback signal 
for control and/or protection. These devices can be repeatedly and 
economically produced on the standard PowerMOS production 
line. 

Because of space limitations, branding (marking) on type 
RFB18N10CS Is F18N10CS. 


Package 


TS-001AA 

TOP VIEW 


DRAIN 

(FLANGE) 



TERMINAL CONNECTIONS 

1 - Gate 

2 - Current Sense 

3 - Drain 

4 - Source Kelvin 

5 - Source 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


SOURCE 

KELVIN 



Absolute Maximum Ratings (Tc =+25°C), Unless Otherwise Specified 

Drain-Source Voltage. Vqss 

Drain-Gate Voltage. Vqgr 

Gate-Source Voltage. Vqs 

Continuous Drain Current 


RMS Continuous.. 


Pulsed Drain Current...Ipiy, 

Single Pulse Avalance Rating, Refer to UlS SOA Curve (Figure 10) 

Power Dissipation 

Tc = +25°C....... Pd 


Above Tc = +25°C, Derate Linearly. 

Operating and Storage Junction Temperature Range.. 


CURRENT 

SENSE 


RFB18N10CS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper i.C. Handling Procedures. 
Copyright © Harris Corporation 1993 
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Specifications RFB18N10CS 


Electrical Characteristics At Case Temperature (Tq) = +25°C, Unless otherwise Specified 


CHARACTERISTICS 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


Static Drain-Source On Resistance 


Forward Transconductance 


Current Sensing Ratio 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Total Gate Charge 


Thermal Resistance, Junction-to-Case 


Thermal Resistance, Junctlon-to-Ambient 


SYMBOL 


BVdss 


Vgs(TH) 





TEST CONDITIONS 


Id = 0.25mA, Vqs = OV 


GS = 0 

’ds= 100 V,Tc = 25 °C 
ds = 80 V,Tc= 175°C 



•d = 

14A, Vgs = 

= 10V 

Vds 

= 50V 


•d = 

14A 


Vqs 

= 10V 


Rqs 

= 120 


■d = 

14A, Vds = 

= 80V, 

Vqs 

= 10V 





Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOL 

Diode Forward Voltage 

VsD 

Reverse Recovery Time 

ffiR 


TEST CONDITIONS 


SD = 14A, dlso/dt = lOOA/ps 


Typical Performance Curves 

cn _Pulse DurQtlon-2S0u8. Dutu Cucle-2I. Tc-26°C 


^7/— 





/ 




Vgs-SV 










Vfl8-7V 

If — 





/ 




Vge-QV 






1 




Vg8-6V 

r 




•< 

«Q 

• 

1 

•< 


0 10 20 X 40 50 

DRflIN-TO-SOURCE VOLTROE - V 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS 
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0 2 4 0 8 10 

6flTE-T0“SOURCE VOLTAGE - V 

FIGURE 2. TYPICAL TRANSFER CHARACTERISTICS 






















































































RFB18N10CS 


Typical Performance Curves (continu»d) 

Pulse DuratIon-260us. Dulu Cucle-2I. 70-26*^: 


_leaissi 
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RFB18N10CS 



DRRIN CURRENT -R 


SOURCE-TO-DRfilN VOLTAGE - V 


FIGURE 11. TYPICAL ON-RESISTANCE vs DRAIN CURRENT FIGURE 12. TYPICAL SOURCE-DRAIN-DIODE FORWARD 

VOLTAGE. 



Vn TO SCOPE 



FIGURE 13. NORMALIZED SWITCHING WAVEFORMS FOR 

CONSTANT GATE-CURRENT (REFER TO HARRIS 
APPLICATION NOTES AN7254 AND AN7260) 


FIGURE 14. SWITCHING TIME TEST CIRCUIT 

























SENSE RATIO 


RFB18N10CS 



FIGURE 19. UlS WAVEFORMS 


FIGURE 20. UlS TEST CIRCUIT 
















SEMICONDUCTOR 


RFV10N50BE 


December 1992 


10A, 500V, Fast Switching N-Channel 
Enhancement-Mode Power MOSFETs 


Features 

• 10A,500V 

• '■DS(on) = 0-48Q 

• Very Fast Turn-Off Characteristics 

• Nanosecond Switching Speeds 

• Eiectrostatic Discharge Protected 

• UiS Rating Curve (Singie Puise) 

• SOA is Power Dissipation Limited 

• High input Impedance 

Description 

The RFV10N50BE is an N-Channel fast switching MOSFET tran¬ 
sistor that is designed for switching regulators, inverters and motor 
drivers. The RFV10N50BE is a monolithic structure incorporating a 
high voltage, high current MOSFET, a control MOSFET and ESD 
protection diodes. As indicated in the symbol to the right, the turn¬ 
on of the main MOSFET is controlled by Gate 1 (Gi). The control 
MOSFET, controlled by Gate 2 (G 2 ), is distributed throughout the 
structure. Gate 2 provides a very low impedance and Inductive 
path to rapidly discharge the gate of the main MOSFET. Gate 2 
affords very fast turn-off (typically less than 25ns) when desired. A 
separate return connection. Source Kelvin (S|(), is supplied for the 
gate drive circuit to avoid voltage induced transients from the out¬ 
put circuit during switching. The RFV10N50BE can be operated 
directly from integrated circuits. 

The RFV10N50BE is supplied in the 5 lead TO-247 style plastic pack¬ 
age. 

The RFV10N50BE was formally developmental type TA9881. 


Absolute Maximum Ratings (Tc = +25^0) 


Package 


5 LEAD TO-247 STYLE 
TOP VIEW 




Drain Current 

RMS Continuous_ 

Pulsed Drain Current . 


Power Dissipation 


Derate Above +25®C. 

Control FET Power Dissipation 


Derate Above +25°C. 


•Vdss 

500 

UNITS 

V 

• -Vgs 

+14,-0.3 

V 

• -Vqs 

+14,-0.3 

V 

.ESD 

2 

KV 

... Id 

10 

A 

• ■ Idm 

25 

A 

..Eas 

Refer to UIS Curve 


• • Us 

1.5 

A 

.•Eas 

50 

mj 

.. .Pd 

156 

W 


1.25 


...Pd 

21 

W 


0.17 

W/°C 

STG* Tj 

-55 to+150 

°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper I.C. Handling Procedures. 
Copyright ©Harris Corporation 1992 
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Specifications RFV10N50BE 


Electrical Characteristics Case Temperature (Tc) = +25°C, Unless Otherwise Specified 


CHARACTERISTIC 


Drain-Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate-Source Leakage Current 


On Resistance 


Turn-On Time 


Turn-On Delay Time 


Rise Time 


Turn-Off Delay Time 


Fall Time 


Turn-Off Time 


Total Gate Charge 


Gate Source Charge 


Gate Drain (“Miller”) Charge 


Input Capacitance 


Output Capacitance 


Reverse Transfer Capacitance 


Thermal Resistance 


Thermal Resistance 


Control FET Characteristics 


TEST CONDITIONS 


Id = 250pA,Vgs = 0V 


Vqs = Vds» b = 250 |j.A 


Tc = +25°C 


Vos = 500V, 
Vgs = 0V 


Tc = +125‘'C 


Vgs = +12V,Vgs = -0.3V 


Id = 10A.Vgs = 10V 


Vdd = 250V, Id = 10A, Rl = 250, 
Vqsi = Vgs2 - +10V, Rgsi = 6.250, 
f^GS2 = 200 


VGs = 0Vto10V 



5 = 25V, VGs = 0V,f=1MHz 


Junction to Case 


Junction to Ambient 



CHARACTERISTIC 

SYMBOL 

TEST CONDITIONS 

Static Drain to Source 

'■DS(on) 

< 

p 

II 

_Q 

> 

O 

II 

CO 

C3 

> 

Drain Source Breakdown Voltage 

BVdss 

Id = 1.0mA, Vgs = 0V 

Gate Threshold Voltage 

VGS(th) 

Vds = Vgs. Id = 250|iA 

Total Gate Charge 

QglO 

Id = 1.0A,Vgs=10V 


Source-Drain Diode Ratings And Characteristics 


CHARACTERISTIC 


Continuous Source Current 


Pulsed Source Current 


Forward Voltage 


Reverse Recovery Time 


LIMITS 

MIN I TYP I MAX UNITS 



INTELLIGENT 

DISCRETES 

































































































































































DRAIN OJRRENT CId> - amps "H DRAIN CURRENT (Id) - amf:® > DRAIN,CIKRENT CId) 


RFVWNSqBE 


Performance Curves 

CASE TBf^RTURE CTc)-25 dogC 



1. 10 too 1000 

DRflIN-TO-SOURCE VOLTAGE CVds) - VOLTS 

FIGURE 1. SAFE OPERATING AREA CURVE 



0.01 0.10 1.00 2.00 

•Time in RVRLRNCHE Ctav) - ms 

FIGURE 2. UNCLAMPED INDUCTIVE-SWITCHING 



25 35 45 55 65 75 85 95 105 116 125 135 145 

CASE TEMPERATURE (Tc> .r degC 

IGURE 3. MAXIMUM CONTINUOUS DRAIN CURRENT vs 
TEMPERATURE 



;■ CASE TEMPERATURE CTc) ’ degC 

FIGURE 4. NORMALIZED POWER DISSIPATION vsTEMPERA¬ 
TURE DERATING CURVE 



ORAIN-TO-BOURCE VOLTAGE CVds) - vol-ls ' BATE-TO-SOURCE VOLTAGE CVgs) - volts 

FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 






RFV10N50BE 



Performance Curves (Continued) 

__PULSE DURRTIDN-ZSDljb Vhs-IOV Id"1DR 



0.0'-—^ 

-50 -25 


0 25 50 .75 100 125 150 

JUNCTION TENPERniURE CTjJ - degC 


VoB-Vde Id-250Lifl 



0 25 50 75 100 125 150 

JUNCTION TBIPERflTURE CTjJ - degC 


FIGURE 7. NORMALIZED rDS(on) vs JUNCTION TEMPERATURE FIGURE 8. NORMALIZED GATE THRESHOLD VOLTAGE vs 

TEMPERATURE 



-25 0 25 50 75 100 125 

JUNCTION TEMPERfiTURE CTj) - degC ■ 

. NORMALIZED DRAIN SOURCE BREAKDOWN 
VOLTAGE vs TEMPERATURE 









Cies 








\ 







: Cose 

. V Crss 




0 5 10 15 20 

DRflIN-TO-SOURCE VDLTRBE CVde) - volte 

FIGURE 10. TYPICAL CAPACITANCE vs VOLTAGE 


- U VDD-VDSS^' 

^^VDD-VDSS I , -1 

■ Ju L 0,75 VDBB 

0.75VOSS,-l 1 I'm.:' 

MU 1—0.50 VOSS 

0.50 VOSS-' .|u\ 

/ lUL--0.25VDSS 

0.25 VOSS--' |U| 

A VU 

RL-5Q ohms 1/ \u\ ' 

/ \\l\ 

IgCREF}-3.25mR . . . // uW 

1 

Vg©-1QV _JI 



TiMECt>-u8 80-^^ ■ , 10'^ lO*" 10'^ lO’'^ 0.1 1 10 

IgCflCT) . “^IgCfiCTJ RECTFiNGULflfR PULSE VIDTH CPWJ - s 

FIGURE 11. TYPICALSWITCHINGWAVEFORMSFORCONSTANT FIGURE 12. MAXIMUM NORMALIZED TRANSIENT THERMAL 
GATE CURRENT REFER TO APPLICATION NOTES IMPEDANCE 

AN7254ANDAN7260 
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Performance Curves (continued) 


Rl 



Vds 



FIGURE 15. UNCLAMPED ENERGY TEST CIRCUIT 


10N50BE 



FIGURE 14. RESISTIVE SWITCHING WAVEFORMS 


BVpss 
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RLP1N06CLE 


January 1994 


Voltage-Clamping Current-Limited ESD-Protected 
N-Channei Enhancement-Mode Power Field-Effect Transistor 


Features 

• 1A, 55V 

• Rds(on) .0.75a 

• iLimit. I.IAto 1.5AIVIax@+150OC 

• Built in Voltage Clamp 

• Built In Current Limiting 

• ESD Protected.2KVMin 

• Controlled Switching Limits EMI and RFI 

• + 175 OC Rated Junction Temperature 

• Logic Level Gate 

Description 

The RLP1N06CLE is an intelligent monolithic power circuit which 
incorporates a lateral bipolar transistor, resistors, zener diodes, and a 
PowerMOS transistor. The current limiting of this device allows it to be 
used safely in circuits where it is anticipated that a shorted load condition 
may be encountered. The drain-source voltage clamping offers precision 
control of the circuit voltage when switching inductive loads. “Logic Level” 
gates allow this device to be fully biased on with only 5.0V from gate to 
source. Input protection is provided for ESD up to 2KV. 


Package 


DRAIN 

(FLANGE) 

u 


T0-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings {Jq = -f-250C), Unless Otherwise Specified 





RLP1N06CLE 

UNITS 

Drain-Source Voltage ... 

.VdsS 

55 

V 

Drain-Gate Voltage ........ 

.Vdgr 

55 

V 

Gate-Source Voltage*.. 

.Vgs 

5.5 

V 

Reverse Voltage Gate Bias Not Allowed 




Electrostatic Voltage at Tq = +250C. 

. ESD 

2 

kV 

Drain Current, Continuous.. 

. Id 

Self Limited 


Power Dissipation Total @ T(;; = +250C. 

.Pd 

36 

w 

Power Dissipation Derating Tq > +250C. 


0.24 

W/OC 

Operating and Storage Junction Temperature Range. 

.Tj.TSTG 

-55 to+175 

oc 

* May be exceeded if current is limited to 10mA. 





CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 


File Number 2839.1 
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Specifications RLP1N06CLE 


Electrical Characteristics At Case Temperature (Tc = +250C), Unless Otherwise Specified 






LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

MIN 

MAX 

UNITS 

Drain Source Breakdown Voltage 

BVdsS 

Iq = 20mA 

Vgs = ov 

55 

70 

V 

Gate Threshold Voltage 

VgS{TH) 

vgs=Vds 

Iq = 0.25mA 

1 

moil 

V 

Zero Gate Voltage Drain Current 

•dss 

Vds = 45V 

Vgs = 0V 

- 

5 

mA 



atTc = +150OC 

- 

20 

mA 

Gate Source Leakage Current 

>GSS 

VgS = 5V 

- 

5 

mA 



atTc = +150OC 

- 

20 

liA 

On Resistance 

Rds(on) 

Id = ia 

Vgs = 5.0V 

- 

0.75 

a 



atTc==+150OC 

- 

1.5 

a 

Limiting Current 

'DS(Limit) 

Vds = 15.0V 

Vgs = 5.0V 

1.8 

3 

A 



@ Tc = 150OC 

0.9 

1.5 

A 

Turn-On Time 

f(ON) 

Vdd = 300V 


- 

6.5 

lUS 

Turn-On Delay Time 

fD(ON) 

id = ia 


- 

1.5 

[IS 

Rise Time 

fR 

Vgs = 5.0V 


1.0 

5.0 

IJS 

Turn-Off Delay Time 

fD(OFF) 

Rgs = 25a 


- 

7.5 

ns 

Fall Time 

fF 

RL = 30a 


1.0 

5.0 

ps 

Turn-Off Time 

•(OFF) 



- 

12.5 

ps 

Plateau Voltage 

V{PLATEAU) 

Id = 1A 

Vds = 15.0V 

- 

5.0 

V 

Thermal Resistance 

Junction to Case 

R9jc 


- 

4.17 

OC/W 

Thermal Resistance 

Junction to Ambient 

R0JA 


- 

80 


Electrostatic Voltage 

ESD 

Human Model (1 OOpF, 1 .SkH) 
MIL-STD-883B (Category B2) 

2000 

- 

V 


Source-Drain Diode Ratings and Characteristics 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX 

Forward Voltage 

VSD 

Isd = ia 

- 

1.5 

V 

Reverse Recovery Time 

Trr 

If = ia 

- 

1.0 

ms 




















































































































RLP1N06CLE 


Performance Curves 


CASE TEHPERRTURE CTc)°25°C 


pPERnriON IN THIS AREA 
LIMITED BY Rdslon) 


OPERATION IN THIS A 
LIMITED BY Ids( I Itn) 



DRAIN-TO-SOURCE VOLTAGE (Vde) - VOLTS 

FIGURE 1. SAFE-OPERATING-AREA CURVE 



25 50 75 100 125 150 . 175 

CASE TEMPERATURE (Tc) - °C 


FIGURE 2. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 


2.0 




















c 

to 

- 

—- 


-- 

_ 





?0.8 








- 


0.0 











PW-250US Vg8"5V Id"0.5fl 


-50 -25 0 25 50 75 100 „ 125 150 175 

JUNCTION TEMPERATURE (TJ) - C 


FIGURE 3. TYPICAL NORMALIZED GATE-THRESHOLD 
VOLTAGE 



-50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERATURE (TJ) - °C 

FIGURE 4. NORMALIZED rpsCON) vs. JUNCTION 
TEMPERATURE 


yds >> I ds >j^^^d^(on) 



GATE-TO-SOURCE VOLTAGE (Vgs) - VOLTS 

FIGURE 5. TYPICAL TRANSFER CHARACTERISTICS 



B 


Vgs-7V 


Vg8-4V 

BB 



■H 





Vgs-3V 





12 3 4 6 

DRAIN-TO-SOURCE VOLTAGE (Vda) - V 


FIGURE 6. TYPICAL SATURATION CHARACTERISTICS 
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RLP1N06CLE 


Performance Curves (Continued) 



FIGURE 7. DRAIN-SOURCE BREAKDOWN VOLTAGE vs. FIGURE 8. NORWfALIZED CURRENT LIMIT vs. 

TEMPERATURE TEMPERATURE 



DRniN-TO-SOURCE VOLTflGE CVds) - V 


FIGURE 9. TYPICAL CAPACITANCE vS. VOLTAGE 

TeniperatUFe Dependence of Current Limiting and 
Switching Speed 

The RLP1N06GLE is a monolithic power device which 
incorporates a Logic Level PoweFiVlOS transistor with a 
resistor in series with the source. The babe and emitter of a 
lateral bipolar transistor is Connected across this resistor, 
and the collector of the bipolar transistor is connected to the 
gate of the PpwerMOS transistor. When the voltage across 
the resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor “turns on”. A series resistor is incorporated in 
series with the gate of the PowerMOS fransistpr allowing 
the bipolar transistor ot drive the gate of the PowerMOS 
transistors to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 



FIGURE 10. SWITCHING TEST CIRCUIT 


resistance of the resistor in series with the PowerMOS 
transistor source and voltage required to forward bias the 
base eniitter junction of the bipolar transistor vary with the 
temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 8. 

The resistor in series with the gate of the PowerMOS 
transistor results in much sipwer switching than in most 
PowerMOS transistors, This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 
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RLP1N06CLE 


Performance Curves (Continued) 

DC Operation of the RLP1N06CLE 

The limit of the drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown as 
Figure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOSFET devices today, is 
limited to +150OC. The maximum voltage allowable can, 
therefore, be expressed as: 

- ^'*^Q”^~'*'ambient^ 

‘lim^ ('^ejc'^^ecA^ 

Duty Cycle Operation of the RLP1N06CLE 

In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The copper 
header on which the RLP1N06CLE is mounted has a very 



FIGURE A. DC OPERATION IN CURRENT LIMITING 



FIGURE B2. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 50C/W) 


large thermal storage capability, so for pulse widths of less 
than 100 milliseconds, the temperature of the header can 
be considered a constant case temperature calculated 
simply as: 

Tc = (Vqs X Id X D X Rgca) + Tambient 

Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak¬ 
ing this assumption, limiting junction temperature to 
-I-150OC and using theTQ calculated above, the expression 
for maximum Vds under duty cycle operation is: 

150-T^ 

These values are plotted as Figures B1 - B5 for various 
heatsink thermal resistances. 



FIGURE B1. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 20C/W) 



FIGURE B3. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 10OC/W) 
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RLP1N06CLE 



FIGURE B4. MAXIMUM Yps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (HEATSINK THERMAL 
RESISTANCE = 25 OC/W) 


Limited Time Operations of the RLP1 NOeCLE 

Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations pf; over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to a allow easy corhputation on the 
limiting conditions. The variation in limiting current with 
temperature complicates the calculation of junction 
temperature, but a simple straight line approximation of the 
variation is accurate enough to allow meaningful 
computations. The curves shown as Figures Cl -G5 give an 
accurate indication of how long the specified voltage can be 
applied to the device in the current limiting mode without 
exceeding the maximum specified 1750C junction 
temperature. In practice this tells you how long you have to 
alleviate the condition causing the current limiting to occur. 



DRflIN-TO-SOURCe VOLTRSE (Vds) - V 


FIGURE C2. TIME TO 1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 5 OC/W 
HEATSINK THERMAL CAPACITANCE = 2j/OC) 



FIGURE B5. MAXIMUM Vps vs. AMBIENT TEMPERATURE IN 
CURRENT LIMITING. (NO EXTERNAL 
HEATSINK) 


HSTR=2°C/W HSTC=4j/°C 



FIGURE Cl. TIME TO 1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 20C/W 
HEATSINK THERMAL CAPACITANCE = 4j/OC) 


HSTR-10°C/W HSTC=1j/°C 



FIGURE C3. TIME TO 1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = lOOC/W 
HEATSINK THERMAL CAPACITANCE = Ij/OC) 
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RLP1N08LE 


January 1994 


Current Limited ESD Protected N-Channei 
Enhancement-Mode Power Field-Effect Transistor 


Features 

• 1A, 80V 

• «'DS{0N) = 0.75n 

• IliMIT at +150OC.1.5A Max 

• Built-In Current Limiting 

• ESD Protected 

• Controlled Switching Limits EMI and RFI 

• Specified for +150OC Operation 

• Temperature Compensated Spice Model Provided 

Description 

The RLP1N08LE is a semi-smart monolithic power circuit which 
incorporates a lateral bipolar transistor, two resistors, a zener diode, and a 
PowerMOS transistor. Good control of the current-limiting levels allows 
use of these devices where a shorted load condition may be encountered. 
“Logic level” gates allow this device to be fully biased on with only 5 volts 
from gate to source. The zener diode provides ESD protection up to 2kV. 
These devices can be produced on the standard PowerMOS production 
line. 

The RLP-series types are supplied in the JED EC TO-220AB plastic 
packages. 


Package 


DRAIN 

(FLANGE) 

u 


TO-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage. 
Drain-Gate Voltage ... 


Reverse Voltage Gate Bias Not Allowed 


Power Dissipation Total @ Tq = +250C. 

Power Dissipation Derating Tc > +25^C . 

Operating and Storage Junction Temperature Range. 

(1) May be exceeded if current is limited to 10mA. 



RLP1N08LE 

UNITS 

• • VdSS 

80 

V 

•• VdGR 

80 

V 

• • • VqS 

5.5 

V 

... ESD 

2 

kV 

. Id 

Self Limited 


.Pd 

30 

W 


0.24 

w/oc 

Tj.TsTG 

-55 to+150 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1994 


File Number 2252.2 
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Specifications RLP1N08LE 


ELECTRICAL CHARACTERISTICS, At Case Temperature (Tc) = 25*^C unless otherwise specified. 


CHARACTERISTIC 

TEST CONDITIONS 



MIN. 


Drain-Source Breakdown Voltage 

BVdss 

Id = 0.25 mA, Vos = 0 V 

80 

— 

■■m 

Gate Threshold Voltage 

VGs(th) 

Vgs = Vds, Id = 0.25 mA 

1 

2 

mm 

Zero-Gate Voltage Drain Current 

loss 

Vds = 65 V, Vgs = 0 V 

— 

1 


Tc=150°C 

— 

50 


Gate-Source Leakage Current 

less 

Vgs = 5 V, Tc = 150®C 

— 

50 


On Resistance 

rDs(on) 

Id = 1 A, Vgs = 5 V 

— 

0.75 

n 

Tc=150®C 

— 

1.5 

Limiting Current 

iDs(Lim) 

Vds = 15 V, Vgs = 5 V 

1.8 

3 

A 

Tc= 150*^0 

1.1 

1.5 


Turn-On Time 

t(on) 


— 

6.5 


Turn-On Delay Time 

td(on) 

Vdd = 30 V, Id = 1 a 

— 

1.5 


Rise Time 

tr 

1 

C 


Vgs = 5 V, Rgs = 25 Q 

R1 = 30 0 

0 

ps 

Turn-Off Delay Time 

td{0ff) 

— 

7.5 

Fall Time 

t, 

1 

5 


Turn-Off Time 

t(off) 


— 

12.5 


Plateau Voltage 

V(plateau) 

Id = 1 A. Vds = 15 V 

— 

5 

V 

Thermal Resistance, Junction-to-Case 

R^jc 


1 



Thermal Resistance, Junction-to-Ambient 

R^ja 

! 


80 

Electrostatic Voltage 

ESD 

Human Model (100 pF, 1.5 kO) 

2000 

— 



SOURCE-DRAIN DIODE RATINGS AND CHARACTERISTICS 


CHARACTERISTIC 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN. 

MAX. 

Diode Forward Voltage 

VSD 

IsD = 1 A 

— 


V 

Reverse Recovery Time 

trr 

If = 1 A 

— 

1 




Fig. 1 - Safe-operating-area curve. 


Fig. 2 - Normalized power dissipation vs. temperature 
derating curve. 
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NORMAUZED DRAIN-TO-SOURCE ON-STATE DRAIN CURRENT (Wtortl - A NORMAUZED GATE THRESHOLD vaTAGE 

BREAKDOWN VOLTAGE BVdsshV 


RLPIN&SLE 











RLP1N08LE 


CRSS CISS COSS 


Vgs=0V FREQUENCY (f)=1MHz 
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5 10 15 20 25 

DRAIN-TO-SOURCE VOLTAGE Vds)-V 

CAPGLP1N0eLCF4 


Fig. 9 - Typical capacitance vs. voltage. 


VdD 



Temperature Dependence of Current Limiting and Switching Speed 


TheRLP1N08LEis a monolithic power device which incor¬ 
porates a Logic Level PowerMOS transistor with a resistor 
in series with the source. The base and emitter of a lateral 
bipolar transistor is connected across this resistor, and the 
collector of the bipolar transistor is connected to the gate 
of the PowerMOS transistor. When the voltage across the 
resistor reaches the value required to forward bias the 
emitter base junction of the bipolar transistor, the bipolar 
transistor “turns on”. A series resistor is incorporated in 
series with the gate of the PowerMOS transistor allowing 
the bipolar transistor to drive the gate of the PowerMOS 
transistor to a voltage which just maintains a constant 
current in the PowerMOS transistor. Since both the 
resistance of the resistor in series with the PowerMOS 
transistor source and the voltage required to forward bias 
the base emitter junction of the bipolar transistor vary 
with the temperature, the current at which the device lim¬ 
its is a function of temperature. This dependence is shown 
in Figure 8. 


The resistor in series with the gate of the PowerMOS 
transistor results in much slower switching than in most 
PowerMOS transistors. This is an advantage where fast 
switching can cause EMI or RFI. The switching speed is 
very predictable, and a minimum as well as maximum fall 
time is given in the device characteristics for this type. 


DC Operation of the RLP1N08LE 

The limit on drain-to-source voltage for operation in cur¬ 
rent limiting on a steady state (dc) basis is shown as Fig¬ 
ure A. The dissipation in the device is simply the applied 
drain-to-source voltage multiplied by the limiting current. 
This device, like most PowerMOS devices today, is limited 
to 150°C. The maximum voltage allowable can, therefore, 
be expressed as: 

(150®C-T^,^gl£jgj) 

V P 


''DS 


'lim^ (•^ejc'^^ecA 



Fig. A - DC operation in current limiting. 
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Specifications RLP1N08LE 


Duty Cycle Operation of the RLP1N08LE 

In many applications either the drain-to-source voltage or 
the gate drive is not available 100% of the time. The 
copper header on which theRLPINOSLEis mounted has a 
very large thermal storage capability, so for pulse widths 
of less than 100 milliseconds, the temperature of the 
header can be considered a constant case temperature 
calculated simply as: 

Tc = (Vds X Id X D X RecA) + ^ambient 

Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak¬ 
ing this assumption, limiting junction temperature to 150°C 
and using the Tc,calculated above, the expression for max¬ 
imum Vds under duty cycle operation is: 

150-Tp 

y ~ ^ 

These values are plotted as Figures B1 - B5 for various heat 
sink thermal resistances. 



Fig. B1 - Maximum l/ps vs. ambient temperature in current limiting. 
{Heatsink thermal resistance = 2°C/W) 




Fig. B2 - Maximum l^os vs. ambient temperature in current limiting. 
{Heatsink thermal resistance = 5®C/W) 


Fig. B3 - Maximum 1/ds vs. ambient temperature in current limiting. 
{Heatsink thermal resistance -10° C/W) 



Tj = 150°C, luiM = 1.5 A. Rjjc ° 80° C/W MAX PULSE WlDTH=100M»*c 



Fig. B4 - Maximum ^ds vs . ambient temperature in current limiting. Fig. B5 - Maximum Vds vs . ambient temperature in current limiting. 

{Heatsink thermal resistance = 25° C/W) {No external heatsink) 
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RLP1N08LE 


Limited Time Operations of the RLP1N08LE 

Protection for a limited period of time is sufficient for many 
applications. As stated above the heat storage in the silicon 
chip can usually be ignored for computations of over 10 mil¬ 
liseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the lim¬ 
iting conditions. The variation in limiting current with 
temperature complicates the calculation of junction tempera¬ 
ture, but a simple straight line approximation of the varia¬ 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures Cl - C5 give an accurate indi¬ 
cation of how long the specified voltage can be applied to 
the device in the current limiting mode without exceeding 
the maximum specified 150°C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 


RflJC = 4-17‘>C/W 



Fig. C1 - Time to 150° C in current limiting. 

{Heatsink thermal resistance = 2°CIW 
Heatsink thermal capacitance = 4 \/° C) 
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Fig. C2 - Time to 150° C in current limiting. 

{Heatsink thermal resistance = 5°C/W 
Heatsink thermal capacitance = 2 j/° C) 


Fig. C3 - Time to 150° C in current limiting. 

{Heatsink thermal resistance = 10°C/W 
Heatsink thermal capacitance = 1 i/° C) 




Figure C4. Time to 15(fC in current limiting Fig. C5 - Time to 150° C in current limiting. 

(Heatsink thermal resistance = 2^C/W, {No external heatsink) 

Heatsink thermal capacitance = 0.5j/^C) 
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RLP1N08LE 


Spice Model (rlpinosle) 

.SUBCKTRLP1N08LE 2 1 3; rev09/16/91 
‘Nominal Temperature = 25°C 

.MODELMOSMODNMOS(VTO=1.7 KP=2.1 IS=1e-30 N=10 TOS=1 L=1u W=1u) 

Vto 21 6 0.33 

Rsource 8 7 RDSMOD 0.28 

Rdraln 5 16 RDSMOD 0.2 

.MODEL RDSMOD RES (TC1=7.54E-3 TC2=2.23E-5) 

.MODEL RVTOMOD RES (TCI =-2.23E3 TC2=-5.29E-7) 

.MODEL RVTOMOD2 RES (TCI =0 TC2=0) 

Ebreakll 7 17 18 107.3 

.MODEL RBKMOD RES (TCI=1,1 IE-3 TC2=-6.83E-7) 

.MODEL DBKMOD D (RS=2.78 TRS1=-8.88E-3 TRS2=2.55E-5) 

.MODELDBDMODD(IS=9.91E-15 RS=3.01E-1 TRS1=3.79E-3 TRS2=1.11E-6 +CJO=4.32E-10 TT=2E-7 
Cin 6 8 3.75E-10 
Ca 12 8 6.5E-10 

.MODEL SI AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-3 VOFF=-1) 

.MODEL SI BMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-1 VOFF=-3) 

.MODEL DPLCAPMOD D (CJO=2E-10 IS=1e-30 N=10) 

Cb 12 14 6.5E-10 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=-1.65 VOFF=3.35) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=0.1 VON=3.35 VOFF=-1.65) 

Rgate 9 20 4.48E3 
Lgate 1 9 9.5E-10 

Ldrain 2 5 2.5E-9 
Lsource 3 7 2.5E-9 
Dbody 7 5 DBDMOD 
Dbreak 5 11 DBKMOD 
Dpicap 10 6 DPLCAPMOD 
Eds 14 8 5 8 1 

Egs 13 8 6 8 1 

Esg 6 10 6 8 1 
Evto 20 6 18 8 1 
It 8 17 1 

MOS1 16 6 8 8 MOSMOD M=0.99 

MOS2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rin 6 8 1e9 

Rvto 18 19 RVTOMOD 1 

Sla 6 12 13 8 S1AMOD 

Sib 13 12 13 8 S1BMOD 

S2a 6 15 14 13 S2AMOD 

S2b 13 15 14 13 S2BMOD 

Vbat 8 19 DC 1 

‘Current Limiting Control Section 

.MODELRSMODRES(TC1=:3.2E-3) ; : — 

QControl 20 8 7 QMOD 10 
.MODEL QMOD NPN (BF=5 VJE=0,5) 

‘ESD Protection 
DESD 7 9 DESMOD 

.MODEL DESMOD D(BV=7.185 TBVi=3.5E-4 TBV2=2.2E-6) 

•ENDS 
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RLP5N08LE 


May 1992 


Current Limited ESD Protected N-Channei 
Enhancement-Mode Power Field-Effect Transistor 


Features 

• 5.5A, 80V 

• RdS{ON) . 0.12n 

• iLimit.5.5Ato8.5Aat+150OC 

• Built In Current Limiting 

• EsD Pi'otected.2KVMin 

• Controlled Switching Limits EMI and RFI 

• Specified For +150OC Operation 

• +1750C Rated Junction Temperature 

• Logic Level Gate 

Description 

The RLP5N08LE is an “Intelligent Discrete” monolithic power circuit which 
incorporates a small signal bipolar transistor, two resistors, a zener diode, 
and a PowerMOS transistor. Low RdS(ON) 's achieved by the use of 
separate current sensing cells. Good control of the current limiting levels 
allows these devices to be used where it is anticipated that a shorted load 
condition may be encountered. “Logic Level” gates allow this device to be 
fully biased on with only 5.0V from gate to source. The zener diode 
provides Esd protection of 2KV minimum. 


Package 


DRAIN 

(FLANGE) 


T0-220AB 
TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminat Diagram 


N-CHANNEL ENHANCEMENT MODE 



Absolute Maximum Ratings (Tc = +250C), 

Unless Otherwise Specified 





RLP5N08LE 

UNITS 

Drain-Source Voltage. 

.VdsS 

80 

V 

Drain-Gate Voltage. 

.VdgR 

80 

V 

Gate-Source Voltage. 

.Vqs 

5.5 

V 

Reverse Voltage Gate Bias Not Allowed 




Electrostatic Voltage at 10OpF, 1500n. 

. ESD 

2 

kV 

Drain Current, Continuous. 

...Id 

Self Limited 


Power Dissipation Total @ Tq = +250C.. 

..pd 

72 

W 

Power Dissipation Derating Tq > +250C. 


0.48 

w/oc 

Operating and Storage Junction Temperature Range... 

.Tj.TsTG 

-55 to+175 

oc 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1992 


File Number 2493.1 
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Specifications RLP5N08LE 


Electrical Characteristics At Case Temperature (Tq = +250C), Unless Otherwise Specified 


PARAMETERS 


Drain Source Breakdown Voltage 


Gate Threshold Voltage 


Zero Gate Voltage Drain Current 


Gate Source Leakage Current 



TEST CONDITIONS 


VgS{TH) 


Idss 


Limiting Current 




Turn-Off Time 


Plateau Voltage 


Thermal Resistance 
Junction to Case 


Thermal Resistance 
Junction to Ambient 


Electrostatic Voltage 


t(OFF) 


V{PLATEAU) 


R0JC 


1q = 0.25mA 


Vgs = Vds 


Vds = 65V 


atTc = +150OC 


Vgs = 5V 


atTc = +150OC 


Id = 5.5A 


atTc = +150OC 


Vds = 15.0V 


@Tc = 150OC 
Vdd = 30.0V 
Id = 5.5A 
Vgs = 5.0V 
RGS = 25n 
RL = 5.45n 


Id = 7.5A 


Vgs = ov 


Id = 0.25mA 


Vgs = ov 


Vgs = 5.0V 


VqS = 5.0V 


VdS = 15.0V 



Human Model (1 OOpF, 1.5kfi) 
Mil-Std-883S (Category B2) 


SOURCE DRAIN DIODE RATINGS AND CHARACTERISTICS 


Forward Voltage 


Reverse Recovery Time 


Performance Curves 



ISD = 5.5A 


Ip = 5.5A 







DRflIN-TO-SOURCE VOLTAGE CVds) - V 


FIGURE 1. SAFE OPERATING AREA CURVE 


O.l 1.0 10. 

Inductance - mh 

FIGURE 2. UNCLAMPED INDUCTIVE SWITCHING SOA 
(SINGLE PULSE UlS SOA) 
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RLP5N08LE 


Performance Curves (Continued) 



30 60 90 120 150 

CASE TEMPERATURE aC)-degC 

FIGURE 3. NORMALIZED POWER DISSIPATION vs. 
TEMPERATURE DERATING CURVE 









Vgs = 
Id = 

Vds 

.50ufi 
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-50 -25 0 25 50 75 100 125 150 175 

JUNCTION TEMPERRTURE CTj) - degC 

FIGURE 4. TYPICAL NORMALIZED GATE THRESHOLD 
VOLTAGE 


Id » 
Vge - 

5R 
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-25 0 25 50 75 100 125 150 

JUNCTION TEMPERATURE CTj) - degC 

FIGURE 5. NORMALIZED RdS(ON) vs. 

JUNCTION TEMPERATURE 

PULSE DURATION - aSOuS 

. DUTY CYCLY < 12 - 

Tc - 25d8gC 


0ATE-TO-SOURCE VOLTAGE (Vgs) - V 

FIGURE 6. TYPICAL TRANSFER CHARACTERISTICS 









Vg8«5V 


Va8-4V 




Vq8»3V 








Vg8-2V 


Id“250uR 

PULSE TEST 

PULSE DURATIDN'=2B0uS 
DUTY CYCLE <22 











-- 















i 








0 12 3 4 5 

DRAIN-TO-SOURCE VOLTAGE (Vde) - V 

FIGURE 7. TYPICAL SATURATION CHARACTERISTICS 


Temperature Dependence of Current Limiting and 
Switching Speed Performance 

The RLP5N08LE is a monolithic power device which 
incorporates a Logic Level PowerMOS transistor with a 
current sensing scheme and control circuitry to enable the 
device to self limit drain-source current flow. The current 


-50 -25 0 25 60 75 100 125 160 175 

JUNCTION TEMPERATURE (Tj) -degC 

FIGURE 8. DRAIN SOURCE BREAKDOWN VOLTAGE vs. 
TEMPERATURE 

sensing scheme supplies current to a resistor that is 
connected across the base to emitter of a bipolar transistor 
in the control section. The collector of this bipolar transistor 
is connected to the gate of the PowerMOSFET. When the 
ratiometric current from the current sensing reaches the 
value required to forward bias the base-emitter 
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RLP5N08LE 


Performance Curves (Continued) 



JUNCTION TEMPERftTURE (TJ) - degC 


FIGURE 9. NORMALIZED CURRENT LIMIT vs. 
TEMPERATURE 



FIGURE 11. SWITCHING TEST CIRCUIT 



DRRIN-TO-SOURCE VOLTAGE (Vde) - V 


FIGURE 10. TYPICAL CAPACITANCE vs. VOLTAGE 



AMBIENT TEMPERATURE - C 


FIGURE A. DC OPERATION IN CURRENT LIMITING 


junction of this bipolar transistor, the bipolar “turns-on”. A 
resistor is Incorporated in series with the gate of the 
PowerMOSFET allowing the bipolar transistor to adjust the 
drive on the gate of the PowerMOSFET to a voltage which 
then maintains a constant current in the PowerMOSFET. 
Since both the ratiometric current sensing scheme and the 
base-emitter junction voltage of the bipolar transistor vary 
with temperature, the current at which the device limits is a 
function of temperature. This dependence is shown in 
Figure 9. 

The resistor in series with the gate of the PowerMOSFET 
also results in much slower switching performance than in 
standard PowerMOSFETs. This is an advantage where fast 
switching can cause EMI or RFI. Switching speed is very 
predictable; a minimum as well as a maximum fall time is 
given in the device characteristics for this type. 

DC Operation of the RLP5N08LE 

The limit of drain-to-source voltage for operation in 
current limiting on a steady state (DC) basis is shown in 
equation below. The dissipation in the device is simply the 
applied drain-to-source voltage multiplied by the limiting 
current. This device, like most PowerMOSFET devices, 


is limited to +1750C. The maximum voltage allowable can, 
therefore, be expressed as: 

Vds = +1 750 c - TAmbient 

•limit x(R0JC + HSTR) 

The results of this equation are plotted in Figure A for vari¬ 
ous heatsinks. 

Duty Cycle Operation of the RLP5N08LE 

In many applications either drain-to-source voltage or gate 
drive is not available 100% of the time. The copper header 
on which the RLP5N08LE is mounted has a very large ther¬ 
mal storage capability, so for pulse widths of less than 1 ms 
header temperature can be considered a constant. Thereby, 
junction temperature can be calculated simply as: 

Tj = (Vds X Ids X D X Rej-Amb) + Tamblent 
Generally the heat storage capability of the silicon chip in a 
power transistor is ignored for duty cycle calculations. Mak¬ 
ing this assumption, limiting junction temperature to 
4-1 750 c and using Tq calculated above, the expression for 
maximum Vqs under duty cycle operation is: 

Vds= +1750C -Tarnbient 

•limit X D X R6j-ambient 

These values are plotted as Figures B1 - B6 for various 
heatsink thermal resistances. 





DRfllN-TO-SOURCE - V DRflIN-TO-SOURCE - V DRRIN-TO-SOURCE 


RLP5N08LE 


Performance Curves (Continued) 



25 50 75 100 125 150 175 


AMBIENT TEMPERATURE - degC 

IGURE B1. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 

(HEATSINK THERMAL RESISTANCE = lOC/W) 
(Tj = +1750C, IlimIT = 5.5A, Rjc = 2.083OC/W) 



25 50 75 lOO 125 150 175 


AMBIENT TEMPERATURE - degC 

IGURE B3. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 

(HEATSINK THERMAL RESISTANCE = SOC/W) 
(Tj = +1750C, IliMIT = 5.5A, Rjc = 2.083OC/W) 



25 50 75 100 125 150 175 


AMBIENT TEMPERATURE - degC 

FIGURE B2. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING 

(HEATSINK THERMAL RESISTANCE = 20C/W) 
(Tj = +1750C, Ilimit = 5.5A, Rjc = 2.083OC/W) 



qI_I_I_I .... 1 ^ I 

25 50 75 100 125 150 175 


AMBIENT TEMPERATURE - dogC 

FIGURE B4. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. 

(HEATSINK THERMAL RESISTANCE = 10OC/W) 
(Tj = +1750C, IlimIT = 5.5A, Rjc = 2.083OC/W) 



25 50 75 100 125 150 175 25 50 75 100 125 150 175 


AMBIENT TEMPERATURE - degC AMBIENT TEMPERATURE - degC 

FIGURE B5. MAXIMUM Vps vs. TEMPERATURE IN CURRENT FIGURE B6. MAXIMUM Vps vs. TEMPERATURE IN CURRENT 
LIMITING. LIMITING. 

(HEATSINK THERMAL RESISTANCE = 250C/W) (NO EXTERNAL HEATSINK) 

(Tj = +1 750C, IlimIT = 5.5A, Rjp = 2.083OC/W) (Tj = +1 750C, lyMIT = 5.5A, Rjq = 2.083OC/W) 
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TIME TO 175 C - SEC 


RLP5N08LE 


Performance Curves (Continued) 

Limited Time Operations of the RLP5N08LE 
Protection for a limited period of time is sufficient for many 
applications. As previously stated, heat storage in the sili¬ 
con chip can usually be Ignored for computations of over 10 
milliseconds and the thermal equivalent circuit reduces to a 
simple enough circuit to allow easy computation on the 
limiting conditions. The variation In limiting current with 
temperature complicates the calculation of junction temper¬ 
ature, but a simple straight line approximation of the varia¬ 
tion is accurate enough to allow meaningful computations. 
The curves shown as Figures Cl - C5 give an accurate 
indication of how long the specified voltage can be applied 
to the device In the current limiting mode without exceeding 
the maximum specified -I-1750C junction temperature. In 
practice this tells you how long you have to alleviate the 
condition causing the current limiting to occur. 



□RfllN-SOURCE VOLTBGE CVds) - V 


FIGURE C3. TIME TO +1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = S^C/W, 
HEATSINK THERMAL CAPACITANCE = 2J/OC) 



23458789 10 23458789 10 

DRRIN-SOURCE VOLTFIGE CVds) - V DRRIN-SOURCE VOLTRGE CVds) - V 


FIGURE Cl. TIME TO +1750C IN CURRENT LIMITING FIGURE C4. TIME TO +1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = I^C/W, (HEATSINK THERMAL RESISTANCE = lOOC/W, 

HEATSINK THERMAL CAPACITANCE = 8J/Oc) HEATSINK THERMAL CAPACITANCE = 1 J/OQ) 



23458789 10 2 3 4 5 8 7 8 

DRRIN-SOURCE VOLTRGE CVds) - V DRRIN-SOURCE VOLTRGE CVds) - V 


FIGURE C2. TIME TO +1750C IN CURRENT LIMITING FIGURE C5. TIME TO +1750C IN CURRENT LIMITING 
(HEATSINK THERMAL RESISTANCE = 20C/W, (HEATSINK THERMAL RESISTANCE = 250C/W, 

HEATLINK THERMAL CAPACITANCE = 4J/OC) HEATSINK THERMAL CAPACITANCE = 0.5J/OC) 
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MILITARY AND RAD-HARDENED POWER MOSFETs 
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MIL. & RAD-HARD 
POWER MOSFETs 
















Radiation Hardened MOSFET Nomenclature System — 


xxxx 


HARRIS RADIATION HARDENED 
POWER MOSFET 


PACKAGE DESIGNATION — 

M - TO-204AA (TO-3 with 40 mil diameter leads) 

K - TO-204AE (TO-3 with 60 mil diameter leads) 

L - TO-205AF (TO-39 with Low Profile Cap) 

F - TO-254AA 



RELIABILITY SCREENING LEVEL 

1 - Non-TX (Commerical) 

2 - TX Equivalent of MIL-S-19500 

3 - TXV Equivalent of MIL-S-19500 

4 - Space Equivalent of MIL-S-19500 


RADIATION (TOTAL DOSE) 
ASSURANCE LEVEL 

D - lOkRAD(Si) 

R -IOOkRAD(Si) 

H - lOOOkRAD(Si) 


DIE DESIGNATION 

All Numeric Characters 
N-Channel (Three Digits) - XXX 
P-Channel (Four Digits) - 9XXX 


Features 


* Gamma Dot 


• Photo Current 


»Single Event 


Meets Pre-Rad Specifications to lOOKRAD(Si) 

Defined End Point Specifications at 300KRAD(Si) and lOOOKRAD(Si) 
Performance Permits Limited Use to 3000KRAD(Si) 

Survives 3E9RAD(Si)/sec at 80% BV 03 s Typically 
Survives 2E12 Typically if Current Limited to IDM 

3.0nA Per-RAD(Si)/sec Typically 

Pre-RAD Specifications for 1E13 Neutrons/cm^ 

Usable to 1 El 4 Neutrons/cm^ 

Typically Survives 1E5 ions/cm^ Having an LET < 35MeV/mg/cm^ 
and a Range > 30 m at 80% BVoss 


Description 

The Harris Semiconductor Sector has designed a series of SECOND GENERATION hardened power MOSFETs of both N 
and P channel enhancement types with ratings from 100V to 500V, 1A to 60A, and on resistance as low as 25mO. Total dose 
hardness is offered at 100K RAD(Si) and 1000K RAD(Si) with neutron hardness ranging from lEISn/cm^ for 500V product 
to 1E14n/cm^ for 100V product. Dose rate hardness (GAMMA DOT) exists for rates to 1E9 without current limiting and 2E12 
with current limiting. Heavy ion survival from signal event drain burn-out exists for linear energy transfer (LET) of 35 at 80% 
of rated voltage. 

These MOSFETs are enhancement-mode silicon-gate power field effect transistors of the vertical DMOS (VDMOS) struc¬ 
ture. They are specially designed and processed to exhibit minimal characteristic changes to total dose (GAMMA) and neu¬ 
tron (n°) exposures. Design and processing efforts are also directed to enhance survival to heavy ion (SEE) and/or dose rate 
(GAMMA DOT) exposure. 

These parts may be supplied as dies or in various packages other than shown. Reliability screening is available as either non 
TX (commercial), TX equivalent of MIL-S-19500, TXV equivalent of MIL-S-19500, or space equivalent of MIL-S-19500. Con¬ 
tact the Harris Semiconductor High-Reliability Marketing group for any desired deviations from the devices listed. 
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Hi-Rel and Rad Hard 


QPL Approved JANTX/TXV Power MOSFETs 
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Tactical and Strategic Level Selections 


Radiation Hardened MOSFETs (N-Channel) 


DIE 

FAMILY 


















INTERIM 

FINAL 

FRM130D 

FRM130R 

FRM130H 

2N7271 

FRM230D 

FRM230R 

FRM230H 

2N7274 

FRM234D 

FRM234R 

FRM234H 

2N7277 

FRM430D 

FRM430R 

FRM430H 

2N7280 

FRM140D 

FRM140R 

FRM140H 

2N7283 

FRM240D 

FRM240R 

FRM240H 

2N7285 

FRM244D 

FRM244R 

FRM244H 

2N7287 

FRM440D 

FRM440R 

FRM440H 

2N7289 

FRK150D 

FRK150R 

FRK150H 

2N7291 

FRK250D 

FRK250R 

FRK250H 

2N7293 

FRK254D 

FRK254R 

FRK254H 

2N7295 

FRM450D 

FRM450R 

FRM450H 

2N7297 

FRK160D 

FRK160R 

FRK160H 

2N7299 

FRK260D 

FRK260R 

FRK260H 

2N7301 

FRK264D 

FRK264R 

FRK264H 

2N7303 

FRK460D 

FRK460R 

FRK460H 

2N7305 


FRL130D 2N7272 
FRL130R 


FRL230R 

FRL230H 


FRL234R 

FRL234H 


FRL430R 

FRL430H 

























FRF150D 2N7292 

FRF150R 

FRF150H 


FRF250D 2N7294 
FRF250R 


FRF254D 2N7296 
FRF254R 


FRF450D 2N7298 
FRF450R 










FRS130D 

FRS130R 

FRS130H 


FRS230D 

FRS230R 

FRS230H 


FRS234D 

FRS234R 

FRS234H 


FRS430D 

FRS430R 

FRS430H 


FRS140D 

FRS140R 

FRS140H 


FRS240D 

FRS240R 

FRS240H 


FRS244D 

FRS244R 

FRS244H 


FRS440D 

FRS440R 

FRS440H 










TO-258 


INTERIM FINAL 














FRE160D 2N7300 

FRE160R 

FRE160H 


FRE260D 2N7302 

FRE260R 

FRE260H 


FRE264D 2N7304 

FRE264R 

FRE264H 


FRE460D 2N7306 

FRE460R 

FRE460H 
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Tactical and Strategic Level Selections (Continued) 


Radiation Hardened MOSFETs (P-Channel) 


DIE 

FAMILY I INTERIM 











FRM9130D 2N7307 FRL9130D 2N7308 
FRM9130R FRL9130R 

FRM9130H FRL9130H 


FRM9230D 2N7310 FRL9230D 2N7311 
FRM9230R FRL9230R 

FRM9230H FRL9230H 


FRM9140D 2N7316 

FRM9140R 

FRM9140H 


FRM9240D 2N7318 

FRM9240R 

FRM9240H 


FRK9150D 2N7322 

FRK9150R 

FRK9150H 


FRM9250D 2N7324 

FRM9250R 

FRM9250H 


FRK9160D 2N7328 

FRK9160R 

FRK9160H 


FRK9260D 2N7330 
FRK9260R 



FRF9150D 2N7323 

FRF9150R 

FRF9150H 


FRF9250D 2N7325 

FRF9250R 

FRF9250H 



INTERIM FINAL 


FRS9130D 2N7309 

FRS9130R 

FRS9130H 


FRS9230D 2N7312 

FRS9230R 

FRS9230H 


FRS9140D 2N7317 

FRS9140R 

FRS9140H 


FRS9240D 2N7319 

FRS9240R 

FRS9240H 









FRE9160D 2N7329 

FRE9160R 

FRE9160H 


FRE9260D 2N7331 

FRE9260R 

FRE9260H 






























































Pre-Post Radiation Characteristics 


N-Channel 


RATED PART 

bvqss number 


PACKAGE 

OUTLINE 

(TO-) 


PRE-RADIATION 

RATINGS 


10K RAD OR POST 
RAD (SI) RATINGS 
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Pre-Post Radiation Characteristics (Continued) 





PACKAGE 

PRE RADIATION 
RATINGS 

POST 10K RAD OR POST 
100K RAD (Si) RATINGS 

POST 1M RAD (Si) RATINGS 

PART 

OUTLINE 

Id 

Rds(ON) 

'^GSfTH) 

BVqss 

RdS(ON) 

Vgs(th) 

BVdss 

Bds(ON) 

VgS(TH) 

NUMBER 

(TO-) 

(A) 


(V) 

(V) 

(O) 

(V) 

(V) 

(ft) 

(V) 

2N7307 

204AA 

6 

0.550 

IBI 

100 

0.550 

2-4 

95 

0.830 

2-6 

2N7308 

205AF 

5 

0.550 

IBB 

100 

0.550 

2-4 

95 

0.830 

2-6 

2N7309 

257AA 

6 

0.565 

2^ 

100 

0.565 

2-4 

95 

0.848 

2-6 

2N7316 

204AA 

11 

0.300 

IBS 

100 

0.300 

Bl 

95 

0.450 

2-6 

2N7317 

257AA 

11 

0.315 

Bl 

100 

0.315 


95 

0.473 

CO 

CM 

2N7322 

204AE 

26 

0.125 

m 

100 

0.125 

2-4 

95 

0.188 

2-6 

2N7323 

254AA 

23 

0.140 

iBI' 

100 

0.140 

2-4 

95 

0.210 

2-6 

2N7328 

204AE 

40 

0.085 

Bl 

100 

0.085 

IBI 

95 

0.128 

2-6 

2N7329 

258AA 

30 

0.095 

IBI 

100 

0.095 

IBI 

95 

0.143 

2-6 

2N7310 

204AA 

4 

1.300 

Bl 

200 

1.300 

IBI 

190 

1.950 

2-6 

2N7311 

205AF 

3 

1.300 

iBI 

200 

1.300 

IBI 

190 

1.950 

2-6 

2N7312 

257AA 

4 

1.320 

IBI 

200 

1.320 

Bl 

190 

1.980 

2-6 

2N7318 

204AA 

7 

0.720 

IBI^ 

200 

0.720 

2-4 

190 

1.080 

2-6 

2N7319 

257AA . 

7 

0.735 

IBI 

200 

0.735 

IBI' 

190 

1.100 

2-6 

2N7324 

204AA 

16 

0.300 

Bl 

200 

0.300 

'Bl 

190 

0.450 

CO 

CM 

2N7325 

254AA 

14 

0.315 

Bl 

200 

0.315 

2-4 

190 

0.473 

2-6 

2N7330 

204AE 

26 

0.200 

IBI 

200 

0.200 

2-4 

190 

0.300 

2-6 

2N7331 

258AA 

19 

0.210 

IBI 

200 

0.210 

2-4 

190 

0.315 

2-6 
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^ hHARRis RFD3N08L 

RFD3N08LSM 

N-Channel Logic Level 

August 1991 Power Field Effect Transistors 


Features 

• 3A, 80V 

• RDS(on) = 0.80n 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly From Q-MOS, N-MOS, or TTL 
Circuits 

• SOA is Power-Dissipation Limited 

• 1750C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 


Description 

The RFD3N08L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 

The RFD3N08L is supplied in the JEDEC TO-251 plastic 
package and the RFD3N08LSM is supplied in the JEDEC TO- 
252 plastic package. 


Packages 

TO-251AA 
TOP VIEW 


::5 SOURCE 
33 DRAIN 
il^GATE 


DRAIN_^ 

TAB-^ 


DRAIN 

TAB’ 


TO-252AA 
TOP VIEW 

SOURCE 
□ DRAIN 

iCn gate 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 


Drain-Source Voltage, Vpss.80V 

Drain-Gate Voltage, (Rqs ” 1 VpGR.80V 

Gate-Source Voltage, Vqs. ± 10 V 

Drain Current: 

RMS Continuous, Ip.3A 

Pulsed, IpM.7A 

Power Dissipation, Pp: 

Tc = +250C.30W 

DerateAboveTc = +250C . 0.20W/OC 

Operating and Storage Junction Temperature Range, Tj, Tsjq .-55 to +175*^0 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling proedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFD3N08L, RFD3N08LSM 


Electrical Characteristics [Jq = + 250 C), Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 

bvdss 

l[) = 1 mA, Vqs = OV 

Gate Threshold Voltage 

VGS(th) 

VgS = VdS. Id = 250mA 

Zero Gate Voltage Drain Current 

<DSS 

Vds = 70V 

Vds = 70V @ Tc = 1 250 c 

Gate-Source Leakage Current 

Igss 

Vgs = ±10V,Vds = 0V 

Drain-Source on Voltage 

VDS(on) 

Id = 1.5A.Vgs = 5V 

Id = 3A,Vgs = 5V 

On Resistance 

ESSSHli 

Id = 1.5A.Vgs = 5V 

Total Gate Charge 

Qa(total) 

VGS = 0to10V 

Vdd=48V 

Id = 2A 

RL = 24a 

Gate Charge at 5V 

Qg(5) 

VgS = 0 to 5V 

Threshold Gate Charge 

Qg(th) 

Vgs = Oto IV 

Plateau Voltage 

V(plateau) 

Id = 3A,Vds=15V 

Turn-On Delay Time 

tD{on) ^ 

Vdd =40V,Id = 1A 

Rg = 6.25V, Vgs = 5V 

Rise Time 

tR 1 

Turn-Off Delay Time 

IQHHH 

Fall Time 




Thermal Resistance, Junction to Case 


Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Forward Voltage 

VSD 

ISD = “lA 

- 

1.4 

V 

Reverse Recovery Time 

trr 

lf = 2A, dif/dt=100A/MS 

- 

150(typ.) 

ns 




































































































^ hHARRis RFD4N06L 

RFD4N06LSM 

N-Channel Logic Level 

August 1991 Power Field Effect Transistors 


Features 

• 4A, 60V 

• RDS(on) = 0.60n 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly From Q-MOS, N-MOS, or TTL 
Circuits 

• SOA is Power-Dissipation Limited 

• 1750C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 


Description 

The RFD4N06L is an n-channel enhancement mode silicon 
gate power field effect transistor specifically designed for use 
with logic level (5 volt) driving sources in applications such as 
programmable controllers, automotive switching, and solenoid 
drivers. This performance is accomplished through a special 
gate oxide design which provides full rated conduction at gate 
biases in the 3-5 volt range, thereby facilitating true on-off 
power control from logic circuit supply voltages. 

The RFD4N06L is supplied in the JEDEC TO-251 plastic 
package and the RFD4N06LSM is supplied in the JEDEC TO- 
252 plastic package. 


Packages 

TO-251AA 
TOP VIEW 

SOURCE 
DRAIN 
GATE 


DRAIN_^ 

TAB- 


TO-252AA 
TOP VIEW 


DRAIN 

TAB" 


03 SOURCE 
□ DRAIN 

On gate 


Terminal Diagram 

N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings (Tc = +250C), Unless Otherwise Specified 

Drain-Source Voltage, Vpss.. • • ■ 

Drain-Gate Voltage, Vpss.. • • 

Gate-Source Voltage, Vqs .. • 

Drain Current: 

RMS Continuous, Iq... 

Pulsed, Iqm..... . 

Power Dissipation, Pq: 

Tq = +250C... 

Derate Above Tq = +250C ..... 

Operating and Storage Junction Temperature Range, Tj, TstG .. 


.60V 

.60V 

. ±10V 

.4A 

..10A 

.SOW 

.... 0.20W/OC 
-55to+1750C 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling proedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFD4N06L, RFD4N06LSM 


Electrical Characteristics (Tc = + 250 C), Unless Otherwise Specified 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

Drain-Source Breakdown Voltage 

BVdsS 

Iq = 1 mA, Vqs = OV 

Gate Threshold Voltage 

VGS{th) 

VqS = VdS» Id = 250|jA 

Zero Gate Voltage Drain Current 

bss 

Vds = 50V 

Vds = 50V @ Tc = 1 250 c 

Gate-Source Leakage Current 

■gss 

VGS = =t10V,VDS = 0V 

Drain-Source on Voltage 

VDS(on) 

ID = 1A,Vgs = 5V 

Id = 2A, Vgs = 5V 

Id = 4A,Vgs = 7.5V 

On Resistance 


Id = 1A,Vgs = 5V 

Total Gate Charge 

Qg(total) 

VGS = 0to10V 

VpD = 48 V 

ID = 2A 

RL = 24a 

Gate Charge at 5V 

Qg(5) 

Vgs = 0 to 5V 

Threshold Gate Charge 

°g(th)_ 

VGS = 0to1V 

Plateau Voltage 


Iq = 4A, Vps = 15V 

Turn-On Delay Time 

tD{on) 

VdD = 30V,1d = 1A 

RG = 6.25V, Vgs = 5V 

Rise Time 

tR 

Turn-Off Delay Time 

tD(off) 

Fall Time 

tp 

Thermal Resistance, Junction to Case 

Rojc 



LIMITS 


MIN MAX. 




V 


mA 



50 


100 

nA 

0.8 

V 


2.0 V 


4.0 V 



0.6 

n 

8 

nC 

5 

nC 


nC 



Source-Drain Diode Ratings and Characteristics 


CHARACTERISTICS 

SYMBOLS 

TEST CONDITIONS 

LIMITS 

UNITS 

MIN 

MAX. 

Forward Voltage 

VSD 

•SD = 1A 

- 

1.4 

V 

Reverse Recovery Time 

Vr ^ 

lf = 2A,dif/dt= IOOA/ms 

- 

150(typ.) 

ns 







































































































S HARRIS RFP15N08L 

N-Channel Logic Level 

August 1991 Power Field-Effect Transistor 


Features 


Package 


• 15A, 80V 

• RdS(ON): 0.14n 

• Design Optimized for 5 Volt Gate Drive 

• Can be Driven Directly from Q-MOS, N-MOS, TTL Circuits 

• SOA is Power-Dissipation Limited 

• +1750C Rated Junction Temperature 

• Logic Level Gate 

• High Input Impedance 


TO-220AB 

TOP VIEW 



SOURCE 

DRAIN 

GATE 


Terminal Diagram 


Description 

The RFP15N08L is an n-channel enhancement mode silicon gate power 
field effect transistor specifically designed for use with logic level (5 volt) 
driving sources in applications such as programmable controllers, 
automotive switching, and solenoid drivers. This performance is 
accomplished through a special gate oxide design which provides full 
rated conduction at gate biases in the 3-5 volt range, thereby facilitating 
true on-off power control from logic circuit supply voltages. 


N-CHANNEL ENHANCEMENT MODE 
D 



Absolute Maximum Ratings {1q = +250C), Unless Otherwise Specified 




RFP15N08L 

UNITS 

Drain-Source Voltage. 

. vdss 

80 

V 

Drain-Gate Voltage. 

.Vdgr 

80 

V 

Gate-Source Voltage . 

. Vqs 

±10 

V 

Drain Current, RMS Continuous. 

. ‘d 

15 

A 

Pulsed. 

.Idm 

40 

A 

Power Dissipation Total @ Tq = +250C. 

.Pd 

72 

W 

Power Dissipation Derating 1q = +250C. 


0.48 

w/oc 

Operating and Storage Junction Temperature Range. 

. Tj,TsTG 

-55 to+175 

OC 


CAUTION: These devices are sensitive to electrostatic discharge. Proper I.C. handling procedures should be followed. 
Copyright © Harris Corporation 1991 
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Specifications RFP15N08L 


Electrical Characteristics At Case Temperature (Tc = +250C), Unless Otherwise Specified 






LIMITS 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

MIN 

MAX 

UNITS 

Drain-Source Breakdown Voltage 

BVdsS 

Iq = 1mA 

Vgs = OV 

80 

- 

V 

Gate Threshold Voltage 

VgSCTH) 

vgs=Vds 

Iq = 1 inA 

1 

IIQ^III 

V 

Zero Gate Voltage Drain Current 

•dss 

Vds = 65V 

- 

1 

|iA 



Vds = 65V 

atTc = +1250C 

- 

50 

liA 

Gate-Source Leakage Current 

•gss 

Vgs = 

Vds = OV 

- 

100 

nA 

Drain-Source On Voltage 

VdS(ON) 

Id = 7.5A 

Vgs = 5V 

- ; 

1.05 

V 



Id = 15A 

Vgs = 5V 

- 

3.0 

V 

On Resistance 

Rds(ON) 

Id = 7.5A 

Vgs = 5V 

- 

0.14 

O 

Total Gate Charge 

QG(TOTAL) 

Vgs = o-‘>ov 

Vdd = 64V 

- 

80 

nC 

Gate Charge at 5V 

Qg(5) 

Vgs = 0-5V 

Id = 15A 

- 

45 

nC 

■threshold Gate Charge 

Qg(th) 

Vgs = 0 -1V 

Rl = 4.270 

- 

3 

nC 

r*lateau Voltage • 

V(plaTeAU) 

Id=15A 

Vds=‘«5V 

- 

4.5 

V 

Turn-On belay Time 

^D{ONj 

Vdd = 40V 

Id = 7.5A 

- 

40 

ns 

Rise Time 

V 

Rg = 6.250 

Vgs = 5V 

- 

325 

ns 

Turn-Off Delay Time 

fD{OFF) 



- 

325 

ns 

Fall Time 

tf 



- 

325 

ns 

Thermal Resistance Junction to Case 

R0JC 



- 

2.083 

oc/w 


Source-Drain Diode Ratings and Characteristics 


PARAMETERS 

SYMBOL 

TEST CONDITIONS 

Forward Voltage 

VsD 

Isd = 7.5A 

Reverse Recovery Time 

TrR 

lp = 4A,dif/dt = 100a/|is 


LIMITS 

MIN I MAX UN ITS 


1.4 

V 

225(typ) 

ns 
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SPICE MODELS 












Harris Semiconductor 



No. AN8610.1 February 1994 HaMs Powor MOSFETs 


SPiCiNG-UP SPICE II SOFTWARE FOR 
POWER MOSFET MODELING 

Author: C.F. Wheatley, Jr., H.R. Ronan, Jr., G.M. Dolny 


The SPICE li simulation software package is familiar to most 
designers working in computer-aided design of integrated 
circuits. Developed by L. W. Nagel in 1973, SPICE li has 
become a widely available, well-understood design tool for 
IC modeling and analysis. But, SPICE It has a shortcoming: 
its standard simulation programs were developed when all 
MOSFETs were low-power devices. Power MOS devices are 
growing in use today, both as discrete components and, 
potentially, as output stages of power integrated circuits. 
SPICE II in its current form doesn’t recognize these new 
developments. Its built-in FET models aren’t able to simulate 
all the modes of new power MOS device operation. For 
example, SPICE II doesn’t recognize the way a power 
MOSFET’s internal capacitances change with bias 
conditions, the presence of a cascode JFET that compli¬ 
cates both static and dynamic operation, or the presence of 
a parasitic body diode that affects operation in the third 
quadrant. Without this information, SPICE II will predict 
power MOSFET performance that is incorrect. 

Since SPICE ll’s internal device models can’t be easily 
changed for all existing copies, we looked for another 
approach to update the capabilities of this widely used simu¬ 
lation package in its standard form. Adding a “subclrcuit” of 
external components that complement the devices within the 
SPICE II software, so as to form a true, equivalent circuit of a 
power MOSFET, Is the answer. 

The subcircuit works nicely with the standard SPICE il 
software, providing a model with ail the terminal characteris¬ 
tics of a power MOSFET. Parameters of the subcircuit model 
can be determined from simple terminal measurements or 
from standard data sheets, using the algorithmic and empiri¬ 
cal approach described below. Once these parameters are 
in place, SPICE II can be used to accurately simulate either 
p-channel or n-channel power MOSFET devices over a wide 
range of currents and voltages. The subcircuit functions as 
an embedded subroutine, so it can be used repetitively for 
any number of power MOSFETs in a design. This technique 
can be used to model power MOSFETs with any version of 
the SPICE II program presently available, without any modifi¬ 
cations to Its internal source code. The technique can also 
be used with other commercially available or in-house-devel- 
oped circuit simulators. 

Modeling The Power MOSFET 

A cross-sectional view of a cell of a Harris IRF130 power 
MOSFET is shown in Figure 1. The easiest way to under- 

Copyright © Harris Corporation 1992 


Stand its electrical characteristics is to think of it as a vertical 
JFET, driven in cascode from a low-voltage lateral MOS¬ 
FET. ^ When the gate Is positively biased with respect to 
the n-bulk, an accumulation layer forms In the n-region 
beneath the gate. This layer acts as the drain of the lateral 
MOSFET, as well as the source of the vertical JFET. The 
JFET channel is then-region between the two p-type body 
diffusions, which act as the gate of the JFET. The JFET drain 
is the n+ bulk, usually thought of as the power MOSFET 
drain. 



POLY GATE Si02 GATE OXIDE 


■i-n SOURCE 



rvi. DRAIN 


FIGURE 1. A CROSS-SECTIONAL VIEW SHOWS THE PHYSI¬ 
CAL MAKEUP OF THE LATERAL LOW-VOLTAGE 
MOSFET AND VERTICAL JFET THAT OPERATE IN 
CASCODE AS THE POWER MOSFET. 

When you look at the power MOSFET this way. It becomes 
possible to use the standard SPICE il built-in device models, 
because SPICE li can simulate both the vertical JFET and 
the lateral MOSFET. When we use the subcircuit to add the 
rest of the Harris IRF130 power MOSFET to these SPICE II- 
slmulated devices, we get a satisfactory equivalent circuit, 
shown in Figure 2. 

The gate-to-source capacitance of the Harris IRF130 power 
MOSFET is represented by Cav It is really a composite of 
two capacitances. The first Is formed between the polysilicon 
gate and source metal (with the thick oxide as a dielectric). 
The second is formed between the gate and the n+ source 
(with the thin oxide acting as the dielectric). The value of C 21 
Is essentially unchanged by voltage or current. 

Capacitor C 24 is formed between the power MOSFET gate 
and the accumulation layer, with the thin gate oxide as a 
dielectric. So long as the gate is positive with respect to the 
n-neck region, the accumulation layer exists and C 24 doesn’t 
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change. But, if the external drain voltage (less their voltage 
drop across then-drift region) approaches the gate voltage, 
the accumulation layer starts to disappear. When that 
happens, C 24 abruptly drops in value. This sudden change 
has to be taken into consideration. 



FIGURE 2. THE EQUIVALENT CIRCUIT OF THE POWER MOS- 
FET IS MADE BY COMBINING SPICE II MODEL EL¬ 
EMENTS WITH SOFTWARE SPECIFIED 
COMPONENTS ON A “SUBCIRCUIT.” 

Capacitor C 23 represents the gate-to-drain capacitance of 
the Harris IRF130 power MOSFET. Because the accumula¬ 
tion layer normally acts as an electrostatic shield, C 23 has no 
significance until the layer ceases to exist under the 
conditions just described. When it does disappear, the effect 
upon C 23 is abrupt, and also has to be taken into 
consideration. The sudden changes in C 24 and C 23 cannot 
be easily modeled with the standard SPICE II software. 

Figure 2 illustrates what happens: If the JFET source voltage 
(node 4) is very low compared to its pinch-off voltage, the 
JFET will be highly conductive, tightly coupling C 24 to the 
JFET drain (which Is also the drain of the Harris IRF130 
power MOSFET). However, as the node 4 voltage 
approaches the pinch-off voltage (Vpinch) of the JFET, It 
operates in a constant-current mode. This action decouples 
C 24 from the JFET drain, making possible a much faster 
slew-rate, determined by C 23 . If the node 4 voltage is 
allowed to exceed Vpi^cH of the JFET, errors will exist in the 
output waveforms predicted by the standard SPICE II model. 

To correct the situation, the added subcircuit includes a cur- 
rent-controlled current source, FqschrG' ^lod a current- 
sense network containing D1. If node 4 voltage begins to 
exceed Vpi^cH of the JFET, D1 conducts, and Its current is 
sensed at V|^eas- "^h® high-gain current source Fqschrg 
turned-on rapidly and partially discharges C 24 , pinning node 
4 voltage at the pinch-off voltage of the JFET. In setting up 
the parameters of the subcircuit, the Ideality factor of D1 Is 
set at 0.03 to assure that node 4 voltage will never exceed 


VpiNCH ^h® bythan a few millivolts. This condi¬ 
tion results in waveform predictions from the SPICE II model 
that represent the true characteristics of the power MOSFET. 

The body diode (Dbody Figure 2 ) is formed by the drain- 
to-body diffusion pn junction of the Harris IRF130 power 
MOSFET. Dbody i® added as an external component In the 
subcircuit because the built-in gate-to-drain diode of the 
SPICE II JFET model Is Inconvenient when it comes to mod¬ 
eling third-quadrant conduction of a power MOSFET. We 
want most of the third-quadrant current to flow in Dbody- So, 
we effectively delete the SPICE II model’s built-in diode by 
setting its saturation current parameter to an artificially low 
value, such as 10 ‘^° ampere. 

To round-out the subcircuit, a resistor value is chosen for the 
JFET drain of the SPICE il model to represent the series 
resistance of the n-drain region of the Harris IRF130 power 
MOSFET.® We also add resistor Rsource f® represent the 
series source resistance of the Harris IRF130 power 
MOSFET: a composite of resistances in the n+ source 
region, contact resistance, and source-metal series 
resistance. Finally, we add inductor Lsource t® represent 
the source inductance of the power MOSFET contributed by 
the source metallization and bond wires. 

Choosing Parameters to Simulate A Power 
MOSFET 

To accurately simulate the terminal characteristics of the 
physical power MOSFET you are working with, you will need 
to adjust the SPICE II model parameters and select 
subcircuit component values. Look first at adjustment of the 
SPICE II model. The static current-voltage characteristics of 
the power MOSFET are determined by the low-voltage 
lateral MOSFET included in the SPICE II model; Figure 2. In 
saturation (large values of Vds). the lateral MOSFET device 
is modeled according to the following equation: 


(Kp)W(Vqs-Vto)2 



where 

Kp = Process Transconductance Parameter 

Vjo = Threshold Voltage 

W = L = 1|xm (Fixed In This Note For Convenience) 

Ids = MOSFET Drain Current 

Vqs = MOSFET Gate-To-Source Voltage 

Continuing with the example device, the Harris IRF130 
power MOSFET, a plot of the square root of Ids versus gate 
voltage (Vqs) provides the curves shown in Figure 3 for Vqs 
= 10 volts. These curves provide the process transconduc¬ 
tance parameter, (Kp/2)®'®, and threshold voltage, Vjq, 
directly. This data can then be used to find the value of 
source resistance, Rsource- This series resistance is impor¬ 
tant because it causes the curve produced by plotting the 
square root of Ids versus Vqs to depart from linearity at high 
current levels. Departure at very low current levels is caused 
by subthreshold conduction, which we ignore in this model. 
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To find the JFET drain resistance, we use the value of 
source resistance, Rsource* Plots of Ids versus Vqs for 
operation in the linear region, as shown in Figure 4. 

To find the current, resistance and capacitance parameters 
of the body diode (Ddock 'o Figure 2), first plot log Iqs versus 
Vds. as shown in Figure 5, holding the gate voltage, Vqs. 
negative for third-quadrant operation; i.e., where Vqs is less 
than 0. This plot gives the saturation current and resistance 
of Dbody* minority-carrier transit-time parameter (TT) of 
the SPICE 11 program is chosen to provide the best fit to 
measured transient reverse-recovery data. The junction 
capacitance value of Dbody is equal to the power MOSFET 
device output capacitance, Cqss. zero volts. This value 
can be obtained from the device data sheet, or by bridge 
measurement. It is usually specified at 25 volts, and may be 
converted to zero volts by multiplying by 6 . 



FIGURE 3 . THIS PLOT OF THE SQUARE ROOT OF DRAIN 

CURRENT vs. GATE VOLTAGE DEFINES THE 
THRESHOLD VOLTAGE. Vto. (Kp/ 2 )®®, AND 
R«ourca. for THE POWER MOSFET. 



FIGURE 4 . DRAIN CURRENT vs. DRAIN VOLTAGE OF THE 

POWER MOSFET PLOTTED USING CONSTANT 
GATE VOLTAGES. THIS CURVE DEFINES THE ON 
RESISTANCE OF THE DEVICE. 



A -1-1-1-1-h 

Vds(V) 


FIGURE 5 . THIS PLOT OF LOG Ip VS Vqs IN THIRD-QUADRANT 
OPERATION OF THE POWER MOSFET DEFINES Ig 
AND Rs, OF THE PARASITIC BODY DIODE. Dbody- 

To properly simulate avalanche breakdown voltage with the 
added clamp circuit (diode Dbreak 0 *^^ voltage source V^reak 
in Figure 2), first set the voltage level of Vbreak 
measured value of drain breakdown voltage. Then, adjust the 
SPICE 11 model parameters Is, N, and Rs for Dbreak ^ obtain 
the best fit to the measured breakdown voltage curve. 

Selection of capacitors C 21 , C 23 , and C 24 , and the parame¬ 
ters of the JFET (all shown in Figure 2), can be made using 
the curves of Figure 6 . This is a plot of drain and gate volt¬ 
age versus time for a power MOSFET driven with constant 



FIGURE 6. PLOTTING DRAIN AND GATE VOLTAGES OF THE 
POWER MOSFT VS TIME DETERMINES THE VAL¬ 
UES OF C21, C23. C24. AND Vp|„^. 
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gate current (Iq).^ The initial slope of the Vqs curve defines 
C 21 (since for any value of gate voltage, Vqs, less than 
threshold voltage, Vjq, the power MOSFET is in its off-state, 
so that the gate-to-source capacitance, C 21 . charges linearly 
under constant-current conditions). As Vjo is reached, the 
low-voltage lateral MOSFET (Figure 2) turns on, and its 
drain voltage drops toward its minimum value. 

At the outset, the JFET is operating beyond pinch-off, and 
the slope of the Vos-versus-time curve is controlled by C 23 . 
However, when the drain voltage falls below Vpi^cH. 
JFET conducts, strongly coupling C 24 to the JFET drain and 
greatly reducing the drain voltage slew rate. Thus, the value 
of C 23 can be approximated from the steep slope of the VDS 
curve in Figure 6 , while the value of C 21 +C 23 +C 24 corre¬ 
sponds to the labelled Vqs slope. These values can be 
adjusted slightly to give the best slope fit. A trial value of 
VpiNCH Vjo) is given by the labelled intercept of the Vqs 
curve. Adjustments of this value will control the length of the 
gate plateau voltage needed to complete the curve fit. 

Table I lists the preferred algorithm for parameter extraction; 
Table II summarizes the required empirical inputs. Together, 
these tables will aid in setting up the parameters for evalua¬ 
tion of a power MOSFET with SPICE II and the subcircuit. 
As an example. Table 3 summarizes the input parameters for 
the SPICE II model and subcircuit, determined for the Harris 
1RF130 power MOSFET, using the approach just described. 
The IRF130 is rated at 14 amperes and has a 100-volt block¬ 
ing capability. 


TABLE 1. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 


1 . 

Determine Kp of lateral MOS 

2 . 

Determine V^o of lateral MOS 

3. 

Determine C 21 

4. 

Determine C 21 + C 23 + C 24 

5. 

Determine Rsource and JFET drain resistance 

6 . 

Assign beta of JFET = 100 x Kp of lateral MOS 

7. 

Use trial Vpi^cH 

8 . 

Use trial C 23 and calculate C 24 

9. 

Curve fit for slope by repeating step 8 with different values 
of C 23 . 

10 . 

Adjust VpiNCH an*f Vjo of JFET to fix gate-voltage plateau 


TABLE 2. EMPIRICAL INPUTS 


MOSFET 

Enhancement mode:W s L s 1pm; Kp (Figure 3); 
Vto (Figure 3); C’s = 0; Tqx = 1 E 6 pm 

JFET 

Depletion mode; area factor = 1; Beta = lOOKp 
(Figure 3); Vjq = “Vpjnch (Figure 6 ); C’s = diode 
lifetime := 0 ; diode ideality factor = 1 . 0 ; is - 1 E - 20 ; 
Rd (Figure 4) 

Dbody 

Is from Figure 5; Ideality Factor = 1.0; Rs from 
Figure 5 (must be very much smaller than Rq); 

C (from Coss)I Ufotime = best fit to Trr 


TABLE 2. EMPIRICAL INPUTS (Continued) 


Dbreak 

is - arbitrary; C - lifetime = 0; ideality factor = best 
low-current fit; R = best high-current fit 

D1 

Is = 1E -13; C s lifetime s 0; ideality factor = 0.03; 
Rs = 1 

Rsource 

Figure 3 

Lsource 

Approx. (5L)ln(4L/d) nH; L and d are source wire 
inches 

VpiNCH 

Figure 6 

Vbreak 

Avalanche voltage 

C 21 

Figure 6 

C 23 

Figure 6 

C 24 

Figure 6 


TABLE 3 - INPUT PARAMETERS OF IRF130 TO SPICE MODEL 


SPICE PARAMETER 


HARRIS IRF130 VALUE 


LATERAL MOS 


Model Level 


lEOe^i 


Vto 


3.4V 


Kp 


6.4AA^2 


W,L 


I.Oji 


VERTICAL JFET 


JMOD Area 


Vto 


-6.4V 


Beta 


640 


10 -2* 


42.15 x10-3Q 


Dbody 


CJO 


1650pF 


IT 


70 X 10-® 


3 X 10*^2 


Rs 


2.5x10-3q 


PASSIVE ELEMENTS 


900pF 


40pF 


1360pF 


Rsource 


17.5xlO-®Q 


l-SOURCE 


7.5x10-®H 


Vbreak 


117V 


Implementing The Subcircuit in SPiCE II 

Table IV is the input listing for the implementation of the 
power MOSFET subcircuit In SPICE II software. Nodes are 
identified for drain, gate, and source of the power MOSFET. 
The subcircuit then "hooks" to these nodes wherever 
specified in the SPICE II simulation. Any number of power 
MOSFETs can be specified. The parameters listed are for an 
IRF130 power MOSFET. 
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The Results 

The real test of the enhanced SPICE 11 model is how closely 
its predicted performance compares with actual measure¬ 
ments. Using the input parameters for the Harris IRF130 
device example given in Table III, we calculated transfer and 
output curves for the model. These curves were then com¬ 
pared against measured static data. Figures 7 and 8 show 
the precise fit between predicted and measured static data, 
even at low values of drain voltage. 

To see how the model performs in dynamic prediction, we 
simulated first-quadrant operation (including avalanche 
mode) and third-quadrant operation for the Harris IRF130 


power MOSFET. Once again, the predicted performance of 
the enhanced SPICE II model fits actual measurements sat¬ 
isfactorily over the entire operating range of the Harris 
IRFI30, as shown in Figures 9 and 10. 

To compare calculated switching performance versus actual 
measurement on the Harris IRF130, we used the enhanced 
SPICE 11 model to generate switching curves. Figurell 
shows drain and gate voltages versus time with a constant 
gate-current drive. Figure 12 shows drain and gate voltages 
versus time for a step gate-voltage input. Actual measured 
data was then taken and overlaid on the points predicted by 
the enhanced SPICE II model. Again, the fit was accurate in 
each case. 


TABLE 4 - INPUT LISTING OF SUBCIRCUIT MODEL 
Listed Parameters Valid for a Harris IRFI30 Power MOSFET 


^ THIS IS THE POWER MOS SUBCIRCUIT 
^ NODE 3 IS THE POWERMOS DRAIN 
* NODE 2 IS THE POWERMOS GATE 
^ NODE 11 IS THE POWERMOS SOURCE 


.OPTIONS NOMOD NOLIST NOACCT NONODE LIMPTS=250 GMIN=1.0E-20 

.SUBCKT POWMOS32 11 

C21 2 1 900P 

C23 2 3 40P 

C24 2 4 1360P 

FDSCHRG 4 2 VMEAS 1.0 

MOS1 4 2 11 MOSMOD L=1 U W=1 U 

JFET 3 1 4 JMOD AREA=1 

DBODY 1 3 DMOD2 

RSOURCE 1 10 17.5E-03 

LSOURCE1011 7.5N 

E41 5 11 4 1 1.0 

D1 5 6 DMOD 

VPINCH 6 8 DC 6.4 

VMEAS 8 11 DC 0.0 

DBREAK 3 7 DMOD3 

VBREAK7 1 DC 117 

.MODEL MOSMOD NMOS VTO=3.4 KP=6.40 TOX=1.0E+06U 

.MODEL JMOD NJF VTO=-6.4 BETA=640 IS=1.0E-20 RD=42.5E-03 

.MODEL DMOD D IS=1.0E-13 N=0.03 RS=1.0 

.MODEL DMOD2 D CJO=1650P TT=70N IS=3.0E-12 RS=2.5E-03 

.MODEL DMOD3 D IS=1E-13 RS=2.0 N=1.0 

.ENDS 
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z 


s 

2.5 




ZO 
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3 4 

Vgate(V) 


3 4 

Vdrain(V) 


FIGURE 7. MEASURED SQUARE ROOT OF DRAIN CURRENT 
(DRAIN VOLTS = 10) VS. GATE VOLTAGE FOR THE 
HARRIS IRF130 POWER MOSFET IS PLOTTED 
ALONG WITH THE CALCULATED VALUES FOR 
THE ENHANCED SPICE II MODEL. AN EXCEL¬ 
LENT FIT IS OBTAINED. 


FIGURE 8. PLOTS OF DRAIN CURRENTvs. DRAIN VOLTAGE 
FOR THE HARRIS IRF130 POWER MOSFET SHOW 
AN EXCELLENT FIT BETWEEN MEASURED VAL¬ 
UES AND THOSE CALCULATED BY THE EN¬ 
HANCED SPICE II MODEL FOR VARIOUS VALUES 
OF CONSTANT GATE VOLTAGE. 


VdRAIN (V) 

- 1 .2 - 1.0 


HARRIS IRF130 


Vqs: 4.0 VOLTS 

^OOOOOO o oooooooo OO O^D 
Vq = 3.8 VOLTS <p 

o O O O O 0^0 ^^ 0^0 o o o o o oo^ 

i'-0 " '0 O cl O O 0 ^ 0 O ' O ' ^O 0' " '0 A o o 

20 40 60 80 100 120 

Vdrain- VOLTS 


HARRIS IRF130 
“ MEASURED 
O CALC. 


CALC. VALUES FOR 
VgaTE»0AND2 
ARE COINCIDENT 


FIGURE 9. FIRST QUADRANT DRAIN CURRENT vs. DRAIN 

VOLTAGE WITH Vgs HELD CONSTANT IS CALCU¬ 
LATED BY THE ENHANCED SPICE II MODEL OF 
THE HARRIS IRF130 POWER MOSFET. NOTE 
THAT THE MODEL PREDICTS AVALANCHE 
BREAKDOWN. 


FIGURE 10. THIRD-QUADRANT OPERATION OF THE HARRIS 
IRF130 SHOWS AGREEMENT BETWEEN THE 
PREDICTED VALUES OF THE ENHANCED SPICE II 
MODEL AND ACTUAL MEASURED VALUED OF 
DRAIN CURRENT vs DRAIN VOLTAGE AT DIFFER¬ 
ENT VALUED OF CONSTANT GATE VOLTAGE. 
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TIME - MS TIME iiis) 

(a) (b) 


FIGURE 11. THESE PLOTS OF DRAIN AND GATE VOLTAGES vs. TIME FOR CONSTANT GATE CURRENT SHOW AGREEMENT 
BETWEEN THE PREDICTIONS OF THE ENHANCED SPICE II MODEL (a) AND MEASURED PERFORMANCE OF THE 
HARRIS IRF130 POWER MOSFET (b). 



TIME - nS 


FIGURE 12. SWITCHING PERFORMANCE OF THE HARRIS IRF130 POWER MOSFET IS CLOSELY PREDICTED BYTHE ENHANCED 
SPICE II MODEL IN THIS PLOT OF MEASURED AND CALCULATED VALUES OF DRAIN AND GATE VOLTAGES vs. 
TIME IN A STANDARD SWITCHING CIRCUIT. 
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Time (Nanoseconds) 


FIGURE 13. THE CALCULATED THIRD-QUADRANT DIODE RECOVERY WAVEFORM OF THE ENHANCE SPICE II MODEL SHOWS 
GOOD AGREEMENT WITH THAT ACTUALLY MEASURED FOR THE HARRIS IRF130 POWER MOSFET 


Finally, the enhanced model was used to compare caicu- References 
lated and measured body diode (Dbody Figure 2) recovery 

time curves in third-quadrant operation of the Harris power Wheatley, Jr., C.F. and Ronan Jr., H.R., “Switching Wave- 
MOSFET. Figure 13 shows the good agreement between ^orms of the L^FET: A 5-Volt Gate Drive Power MOSFET,” 
predicted and actual results. Power Electronic Specialist Conference Record, June 

1984, p. 238. 

This approach provides excellent results when there is a 

need to model the performance of a power MOSFET. Not 2. Ronan Jr., H.R. and Wheatley Jr., C.F., “Power MOSFET 
only will the approach update SPICE 11 (or other circuit Switching Waveforms: A New Insight,” Proceedings of 
simulation CAD program) so that it will simulate the latest Powercon 11, April 1984, p. C3. 
state-of-the-art in MOS power, but it wiil aliow quick anaiysis 3 ^iehaus. H.A., Bowers. J.C. and Herren Jr.. P.C.. “A High 
of every static and dynamic characteristic for suitabiiity in a MOSFET Computer Modei.” Power Conversion 

proposed design. International. January 1982. p. 65. 
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Abstract 


An accurate power-MOSFET model is not widely available 
for CAD circuit simulation. This work provides a subcircuit 
model which is compatible with SPICE-2 software and 
MOSFET terminal measurements. SPlCE-2 is the circuit 
simulation package of choice for this work because of its 
universal availability, despite its inherent limitations. These 
limitations are circumvented through circuit means. 

This effort models power-MOSFET terminal behavior consis¬ 
tent with SPICE -2 limitations; hence it will differ from the 
physical model as suggested by Wheatley, et al\ Ronan 
et al^ and others. We feel we have advanced prior efforts^ 
particularly in areas of third-quadrant operations, avalanche¬ 
mode simulation, switching waveforms and diode recovery 
waveforms. 

Discussion 

The subcircuit shown in Figure 1 is described In Table 1. All 
passive circuit elements are constants. The very-high-gain 
JFET is used to simulate the dual-slope drain voltage vs time 
switching curve common to the power MOSFET. 


Dbody “T ''break 


-N - ^Pindi b 

D2 -I ^-SOURCE 


FIGURE 1. SPICE-2 SUBCIRCUIT FOR POWER MOSFET SIMU¬ 
LATION. 


NOTE: If the JFET source voltage, E^, is very low relative to 
Its VpiNCH voltage, the JFET is in a highly conductive state, 
tightly coupling C 2 to the JFET drain. However, as the volt¬ 
age E^ approaches Vpi^QH, the JFET operates In a con¬ 
stant-current mode, thereby permitting a much faster drain 
slew rate, which is determined primarily by C 3 . 

If El exceeds Vpinch. errors will exist in the turn-on wave¬ 
forms. The C 2 discharge current-controlled current source 
remedies this situation in conjunction with the subcircuit con¬ 
taining D 2 . The D 2 ideality factor was set at 0.03 to assure 
that E^ minus VpnsjQ^ does not exceed several millivolts. 

The body diode cannot be properly modeled by the JFET 
gate-drain diode, hence Dbqdy- Conditions of Table 1 assure 
that most third-quadrant current flow is via Dbody* Avalanche 
breakdown is more accurately modeled by the clamp circuit 
containing D^. 

Table 1 in combination with Figures 2 , 3, 4 and 5 provides 
the required empirical inputs. Table 2 lists the preferred algo¬ 
rithm for parameter extraction. 

TABLE 1 . EMPIRICAL INPUTS 

MOSFET Enhancement mode; W = L = l^m; Kp (Figure 

2); Vto (Figure 2); C*s = 0; Idso = IE *12 
JFET Depletion mode; areas factor = 1; B = lOOKp 

(Figure 2); Vjq = VpiNCH (Figure 5); C’s = diode 
lifetime = Rseries = 0; diode ideality factor = 1 . 0 , 
Idso = IE-20 

BODY DIODE Is from Figure 4; Ideality Factor = 1.0; R from 
Figure 4 (must be very much greater than Rd); 
C (from Cqss); lifetime = best fit to Trr 

D) Is - arbitrary; C = lifetime = 0; ideality factor = 

best low-current fit; R = best high-current fit 

D 2 Is = 1E - 8 ; C = lifetime = R * 0; ideality factor = 

0.03 

Rs Figure 2. 

Hdrain Figure 3. 

Ls Approximately (5L) In (4 L/d) nH; L and d are 

source wire inches. 

VpiNCH Vto of JFET. 

Vbrk Avalanche voltage. 

From Figure 5. 

C 2 Maximum from Figure 5. 

C 3 Minimum from Figure 5. 
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FIGURE 2. SQUARE ROOT OF DRAIN CURRENT vs GATE FIGURE 3. DRAIN CURRENT vs DRAIN VOLTAGE WITH CON- 

VOLTAGE DEFINES Vthreshold. Kp, AND Rg. STANT GATE VOLTAGE DEFINES “ON” RESIS¬ 

TANCE. 



FIGURE 4. THIRD-QUADRANT OPERATION DEFINES Ig AND R FIGURE 5. DRAIN AND GATE VOLTAGE vs TIME DETERMINE 

OF DIODE Dbodv- C,, Cj. Cg AND Vp,NCH- 


TABLE 2. PREFERRED ALGORITHM FOR PARAMETER 
EXTRACTION 

1. Determine Kp of lateral MOS 

2. Determine Vjh of lateral MOS 

3. Determine 

4. Determine + C 2 + Cg 

5. Determine Rps 

6. Assign B of JFET = 100 x Kp of lateral MOS 

7. Use trial Vpi^Qn 

8. Use C 2 (Maximum), Cg (Minumum) are curve-fit C’s 

9. Adjust VpiNCH to fix gate voltage plateau 


Results 

Figure 6 and Figure 7 compare measured static data to 
calculated transfer curves and output curves. Calculated 
static-output curves are shown in Figure 8 and Figure 9 for 
third-quadrant range, including avalanche. 

Calculated switching data Is compared to measured 
switching curves^in Figure 10 and Figure 11. Calculated 
body-diode recovery curves are shown in Figure 12. 
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3.0 5.0 7.0 

Vgs (VOLTS) 

FIGURE 6. DRAIN CURRENT vs GATE VOLTAGE (NOTE 

SQUARE ROOT SCALE) • MEASURED CURVE vs 
CALCULATED POINTS. 


0 2 4 6 8 

Vds (VOLTS) 

FIGURE 7. DRAIN CURRENT vs DRAIN VOLTAGE FOR CON¬ 
STANT VALUES OF GATE VOLTAGE - MEASURED 
CURVES vs CALCULATED POINTS. 


Vds (VOLTS) 
-0.6 -0.4 


RFP15N15 

i 






J. 



FIGURE 8. THIRD-QUADRANT DRAIN CURRENT vs DRAIN 

VOLTAGE WITH CONSTANT POSITIVE GATE 
VOLTAGE (CALCULATED). 


^ RFP15N1S 
• MEASURED 
— CALCULATED 

VsupPLY » 37.5V, 75V, 112.5V, 150V 
TEST CKT. (SEE REF. 1) > 


Vds (VOLTS) 

FIGURE 9. FIRST-QUADRANT DRAIN CURRENT vs DRAIN 

VOLTAGE, Vgs = CONSTANT. NOTE AVALANCHE 
BREAKDOWN (CALCULATED). 


10 75 1 


8 60 


6 I §45 

I 1. 

4 I 830 


RFP15N15 \ 
MEASURED 
• CALCULATED 
10Q ( 






0 20 40 60 80 100 

TIME (^s) 

FIGURE 10. DRAIN AND GATE VOLTAGE vsTIME FOR CON¬ 
STANT GATE CIRCUIT - MEASURED CURVES vs 
CALCULATED POINTS. 


0 200 400 600 800 1000 

TIME (ns) 

FIGURE 11. DRAIN AND GATE VOLTAGE vs TIME FOR STAN¬ 
DARD SWITCHING CIRCUIT - MEASURED 
CURVES vs CALCULATED POINTS. 
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TIME (ns) 


FIGURE 12. THIRD-QUADRANT DIODE-RECOVERY-TIM 
CURVE (CALCULATED). 


Conclusion 

An equivalent-circuit model for power-MOSFETs, that Is suit¬ 
able for use with the SPICE CAD program, has been demon¬ 
strated. The model Is compatible with all versions of SPICE 
presently available without modification to the program’s 


Internal code. The model addresses static and dynamic 
behavior of first and third-quadrant operation, Including ava¬ 
lanche breakdown, and is empirical In nature; all necessary 
Input parameters may be inferred from data sheets or simple 
terminal measurements. 

Excellent agreement has been obtained between measured 
and simulated results. 
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Abstract 

An empirical sub-circuit was implemented in PSpice® and is 
presented. It accurately portrays the vertical DMOS power 
MOSFET electrical and for the first time, thermal responses. 
Excellent agreement is demonstrated between measured 
and modeled responses including first and third quadrant 
MOSFET and gate charge behavior, body diode effects, 
breakdown voltage at high and low currents, gate equivalent 
series resistance, and package inductances for 
temperatures between -55°C and 175°C. Parameter extrac¬ 
tion is relatively straight forward as described. 

Introduction 

Circuit simulation commonly uses one of the SPICE [1] 
programs. However, power circuits require proper models 
for unique devices which are not included in the supplied 
libraries. Efforts have been published to model the power 
MOSFET [2-10] with varying degrees of success. The more 
successful papers have used sub-circuit representation. 
To-date, a thermal model has not been offered. 


Objective 

It is the goal of this effort to provide for the first time a 
thermal sub-circuit model capable of providing accurate sim¬ 
ulation throughout all of the power MOSFET regimes. In 
addition the sub-circuit should be readily understood and 
accepted by users, and the ease of parameter extraction 
should be demonstrated. 

Method 

A sub-circuit approach is employed which is empirical. It is 
developed to provide black box conformity to the power 
MOSFET throughout the operating regime normally 
traversed by the dictates of most power circuit applications 
Including junction temperature. Although device thermal 
behavior is the driving force, respect Is maintained toward 
the physics and the SPICE algorithms. 

The developed sub-circuit schematic is shown In Figure 1. 


DpLCAP L 

Esole*) iBoflAIN 


GATE RgATE 


R|N < T- 


EbREAK (17/18) 


Q J ^SOURCE 


LsOURCE 3 



S1A S2A 


13/8 14/13 < H— 

:^CaSib« S2B Cb4: 


EqS ( 6/8 ) Eos ( 5/8 


Rbreak 

17,-W\-118 


FIGURE 1. PSPICE MODEL SUBCIRCUIT 
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There are many forms of SPICE, each with its own strengths 
and weaknesses. PSpice® was chosen for the following 
reasons. 

1. An evaluation copy capable of considerable circuit anal¬ 
ysis for power circuits Is available. 

2. The PROBE feature provides excellent displays. 

3. Programmed time slice defaults and DC convergence 
routines make it very friendly. 

4. The switch algorithm of PSpice® provides a very smooth 
transition from off to on. 

Other forms of SPICE were not investigated, but they should 
be amenable to the development of a similar sub-circuit by 
paralleling the teachings of this work. 

Driving constraints for this work were: 

1. The SPICE device equations should not be modified. 

2 . Global temperature should be included. 

3. All modes and levels of power MOSFET operation should 
be modeled. 

4. The sub-circuit should be empirically developed to 
complement the device physics and the source code 
algorithms. 

5. The sub-circuit should be acceptable to a circuit design 
user. 

6 . Parameter extraction should require little or no iteration. 

Temperature Modeling 

Use is made of voltage controlled voltage sources and 
model statements in order to form master/slave circuit 
relationships. In this manner, resistors can often be used to 
establish a first and second order temperature correction 
where direct PSpice algorithms will not permit thermal 
modeling. 

An Overview(F\gutet) 

The primary device for gate controlled positive or negative 
current flow is provided by Mos1 which is defined by the level 
1 model MOSMOD. The second order effect of threshold 
voltage is set by Mos2 combined with the voltage Vto 
M odel MOSMOD also defines Mos2 but with a 1 percent 
scaling. 

It is necessary that Rsource 2 ind Rdrain be provided as 
separate resistors, rather than being included with the 
mosfets. In this manner, 1st and 2nd order temperature 
effects may be added as described by model RDSMOD. 


provided by RS of the model DBKMOD including thermal 
sensitivity. 

The power MOSFET being modelled contains a third quad¬ 
rant diode as a fabrication consequence, and it is repre¬ 
sented by Dbody* Model DBDMOD provides the leakage 
current IS, the transit time for stored charge effects TT, the 
body diode series resistance RS, temperature dependence 
of this resistor TRS1 and TRS2, and the MOSFET output 
capacitance CJO. 

The Inductances associated with the device terminals are 
represented by Lsource* ^gate* Ldraim. 

The effective series resistance associated with the gate is 
modelled by the resistor Rqate- 

A gate to source input capacitance is represented by Cin. 
MOSFET output capacitance is provided by model DBD¬ 
MOD as described above. Feedback capacitance Is pro¬ 
vided by DpLCAP as defined by model DPLCAPMOD. A 
diode was used for this function to provide a square root 
dependency with drain to source voltage. The voltage 
dependent voltage generator Esq Is added to assure that the 
drain to source voltage is imposed across the feedback 
capacitor while forcing the feedback current flow into the 
gate node. It is further necessary that the Ideality factor N of 
model DPLCAPMOD be made large to exclude forward 
diode conduction during third quadrant operation of the 
MOSFET. 

A capacitor Ca is switched in parallel with C|n when the gate 
to source voltage becomes sufficiently negative. This 
switching is implemented by the switch SI A. Model 
S1AMOD defines the switch closed resistance, open resis¬ 
tance, and the gate to source voltages through which the 
fully on to fully off transition occurs. During this transition, 
switch S1B also transitions from fully off to fully on. Switch 
SIB is defined by model S1BMOD. Voltage controlled volt¬ 
age generator Eqs provides the proper charge state for Ca 
when switch SI A is open. 

In a similar manner, the capacitor Cg is switched in parallel 
with C|N when the drain to gate voltage becomes negative. 
Switch S2A Is defined by model S2AMOD for the on resis¬ 
tance, off resistance, and drain to gate voltage transition 
range. During this transition switch S2B also transitions as 
defined by model S2BMOD. Voltage controlled voltage gen¬ 
erators Eds and Eqs provide the proper charge state for Cg 
when switch S2A is open. 


The thermal variation of KP as provided by the source code 
is a satisfactory representation. However, the threshold 
voltage of Mosi must be modified by the voltage dependent 
voltage source Eyro- Eyro provides an additive or subtrac¬ 
tive voltage in series with the gate as a function of tempera¬ 
ture. It is equal to the sum of Vbat and the product of It and 
Ryjo Temperature variation is provided by model RVTO- 
MOD. 

Avalanche breakdown of the MOSFET is provided by the 
clamp circuit of Dbreak in series with Ebreak- The value of 
Ebreak ia provided by the multiplier of Ebreak and the 
product of It times Rbreak- Temperature variation is pro¬ 
vided by model RBKMOD. High current voltage drops are 


In order to facilitate DC convergence, PSpice® provides a 
minimum conductance between all nodes as defined by the 
PSpice® analysis options. In order to assure that a floating 
gate initial condition will not exist should a modeler drive 
from a current source, a very large gate to source resistor 
Rifg is added. Inclusion of R|n is recommended but not 
required. 

Ail sub-circuit elements are treated as being independent of 
temperature If they are not otherwise defined. 

Gate propagation effects [15], radiation effects, and inherent 
VDMOS design deficiencies are not modelled. This Is 
discussed later. 
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All discussions apply equally to P channel although N -25°C to 150°C. As a convenience, the equation used by 
channel is discussed exclusively. PROBE® (PSpice's® waveform plotter routine) is included. 

_ .... This equation yields a solution rapidly. 

Applications 

The sub-circuit combined with external circuitry may be 

analyzed for many responses. Three circuits are modelled to g_ 

demonstrate the capability of the PSpIce® sub-circuit model. 

A synchronous rectifier producing 100 watts at 5 volts DC S 

from a lOOKHz square wave demonstrates the ability to g / 

handle the first and third quadrant regimes of two § / 

MOSFETs, including conversion efficiency versus tempera- g 3 - -r - 

ture. Calculated waveforms are presented, but they are g / 

unsupported by measured data. The diode recovery & - Jl- 

waveform is modelled and compared to the measured o / 

response. Switching waveforms of the power MOSFET are / _power out- loow _ 

also modelled and compared to the measured results. ^ / frequency «lookHz 

/ T«+25®C 

SYNCHRONOUS RECTIFIER \L ___ I _ 

100 200 300 

The schematic of a synchronous rectifier circuit is shown in 

Figure 2. The rectifier power MOSFETs are a pair of cross FIGURE 3. RECTIFIER OUTPUT VOLTAGE 

coupled RFH75N05 megafet devices. Conduction is offered 

by a forward gate bias with negative drain current (third --- 1 - 1 - 1 - 1 - 

quadrant mosfet operation) and voltage blocking is assured eff = (i/(i + avg(avg(I(VM4) * V(8) 

by a slightly negative gate bias for first quadrant MOSFET + i(VM3) * v{7) + i{R3) * v(4.5) 

operation. gss-)yAVG(AVG(i(R4) ‘ v(5)))) 

L2 VI ^ I I 

® 40^ © +/->-©^®2mp © Sgg ___ 


100 200 300 

TIME (^8) 

FIGURES. RECTIFIER OUTPUT VOLTAGE 


EFF = (1/(1 + AVG(AVG(I(VM4) * V(8) 
+ I(VM3)*V(7) + I(R3)‘V(4.5) 
))/AVG(AVG(I(R4) * V(5)))) 


:r2 

50 

ri: 

50 

@ 

© 


' XM1 
RFH75N05 


XM2 

RFH75N05 


I nrn/onuo nrn^onu o | [ [ 

FIGURE 2. SYNCHRONOUS'rECTIFIER CIRCUIT 

VM1 to VM4 are voltage sources of zero potential and are 
used to permit a recording of branch currents. The trans¬ 
former secondary normally used in a supply of this sort is 
represented by voltage source VI and leakage inductance 
L 2 . Filter Inductor LI and capacitor Cl provide energy stor¬ 
age and smoothing for the lOOKHz square wave of VI. Rise 
and fall times of the square wave are not critical, but were 
set at 40ns. Gate coupling resistors R1 and R 2 are some¬ 
what critical. In that too high a value will restrict the conduc¬ 
tion transition time of the MOSFET. Alternatively, a value too 
low will permit a high voltage drain spike to appear on the 
gate of the MOSFET. 

The calculated output voltage turn on transient is shown in 
Figure 3. Of course this represents a feed forward circuit 
response only. In practice, the unmodelled drive circuit with 
pulse width modulation and feedback would provide a much 
faster response which would be slew rate limited. The ripple 
voltage is 5mV RMS. 

The efficiency for this portion of the synchronous rectifier 
circuit is plotted in Figure 4 as a function of temperature from 


POWER OUT.100W 
FREQUENCY B 100kHz 

____I_—I_I_ 

0 50 100 

AMBIENT TEMPERATURE (®C) 

FIGURE 4. RECTIFIER EFFICIENCY 

Transition voltage waveforms of the input voltage, one drain 
voltage, and one gate voltage are plotted In Figure 5. The 
value of drain voltage during third quadrant conduction is 
approximately -0.2 volts. Other waveforms are readily 
available by use of the PSpIce® system. 





100 300 5100 5300 

TIME (ns) 

FIGURE 5. TRANSITION VOLTAGE WAVEFORMS 
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RECOVERY WAVEFORMS 

Figure 6 shows the MOSFET current of the parasitic 3rd 
quadrant diode vs time as modelled with the sub>circuit and 
as measured using the Berman SM30 equipment. Measure* 
ments show very little temperature sensitivity. Therefore it is 
not modelled. 



100 200 300 400 

TIME (ns) 


FIGURE 6. DIODE RECOVERY WAVEFORMS 
SWITCHING WAVEFORMS 

Switching time measurements of the power MOSFET are 
usually taken In a circuit similar to that of Figure 7. Although 
parasitic wiring inductance is not normally shown, it exists 
and is modelled as shown. The waveforms of gate and drain 
voltages are presented as measured and modelled in Figure 
8 . Switching times of Figure 8 are listed in Table 1. 


TABLE 1. SWITCHING TIME DATA 


PARAMETER 

DATA 

MODEL 

UNITS 

Turn on Delay Time 

72 

67 

ns 

Rise time 

238 

208 

ns 

Turn Off Delay Time 

440 

460 

ns 

Fall Time 

259 

240 

ns 




0.5 1.5 2.5 3.5 

TIME (^s) 

FIGURE 8. SWITCHING TIME WAVEFORMS 


Measured vs Modelled Characteristics 

The device characteristics have been measured (data 
points) and modelled (solid line) as plotted In Figures 9 to 
19. Thermal responses were omitted from some figures to 
improve the clarity of presentation. 


Discussion Of Results 

Excellent correlation generally exists between measured 
and modelled information over the current range from zero to 
three times the device rated current. As the drain voltage is 
increased from zero volts with a constant gate voltage, the 
MOSFET transitions from the linear mode to the saturated 
mode. Conformance of modelled to actual data Is very good 
in the constant current regime (saturated mode). A forcing of 
conformance exists for the very high gate voltages in the 
linear mode, with departure existing for the linear mode with 
lesser values of constant gate voltages. 

The actual drain voltage in the linear mode is seen to be as 
much as 20 percent below the modelled value in worst 
cases. This represents a conservative error for circuit calcu¬ 
lations in that the conduction loss is somewhat less than 
modelled. In addition, the gate drive is usually high under 
MOSFET conduction, thereby avoiding operation in the 
regions of discussion. 
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The discrepancy results because the PSpice® algorithm for Omission of Mos2 would not impact circuit performance, 


a mosfet assumes the channel surface concentration to be 
constant. In the power MOSFET, the surface concentration is 
gaussian along the channel length. Hence, the observed 
behavior is as would be expected. 

The modelled response can be improved by changing the 
PSpice® algorithm, however changes of this type were ruled 
out for this work. 



3 4 5 

Vgs(V) 

FIGURE 10. TRANSFER CURVES 


Excellent agreement exists. 



however a reverence of attached Importance to the 
MOSFET threshold voltage mandates modelled to 
measured agreement. 



-50 0 50 100 150 

Tj (®C) 

FIGURE 12. BREAKDOWN VOLTAGE, LOW CURRENT BVdss 
Excellent agreement exists. 



10 30 50 70 

BVdss (V) 

FIGURE 13. BREAKDOWN VOLTAGE,, HIGH CURRENT BVd 
Excellent agreement exists. 


-50 0 50 100 150 

Tj(®c) 

FIGURE 11. THRESHOLD VOLTS 

Excellent agreement exists. This would not be so without the 
inclusion of Mos2 to represent the sharp corners of the many 
hexagonal cells of the structure. The flat part of the hex cells 
results In a two dimensional diffusion during processing and 
the establishment of a source to body junction cross-over 
concentration at the surface, resulting in Mos1 as modelled. 
However, the corners of the hex cells introduce a three 
dimensional diffusion resulting in a lower source to body 
junction cross-over concentration at the surface. The 
unpublished work of Klodzinski, et al [11] processed test and 
control devices upon a common wafer where the corners of 
the hex source Implant were excluded versus included, 
revealing threshold voltages approximately 0.4 volts higher 
for the test. 



-50 0 50 100 150 

Tj(®C) 

FIGURE 14. ON RESISTANCE vs TEMPERATURE 
Excellent agreement exists. 
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Excellent agreement exists. 



20 40 60 

TIME (hs) 

FIGURE 16. GATE CHARGE CURVES 
Excellent agreement exists. The non linear behavior of gate 
charge for negative gate bias is seldom shown. A significant 
increase in turn on delay results by operating from a 
negative gate voltage. 



Vds(V) 

FIGURE 17. CAPACITANCE CURVES 
Excellent agreement exists. 



-1.0 -0.5 

Vds(V) 


FIGURE 18. BODY DIODE CURVES 
Ail three measured data curves were noted to cross at a 
drain current of 180amps. Excellent agreement exists. 



FIGURE 19. 3RD QUADRANT MOSFET CURVES 


Good agreement exists. The departure seen between 
modelled and measured exists for the same reason as the 
departure of the output curves in the linear regime. This 
would also be Improved by changing the PSpIce algorithm 
as suggested relative to Figure 9. 

Parameter Extraction 

The sub-circuit Is chosen to minimize interdependencies 
between parameters. A listing of the sub-circuit is presented 
in Table 2 as a template which routes the Modeler through 
extraction with guiding comments. Although the template is a 
complete and workable PSpice® sub-circuit listing, ail 
parameter values except KP and VTO are chosen to be 
transparent to the results of the analysis. As the transparent 
values are replaced with extracted values, the model is 
developed. The listing in Table 2 is structured so that 
parameters being extracted have very little dependency 
upon those values which are not yet determined, if desired 
after completing the extraction, an Iteration may be made for 
the comfort of the Modeler. 
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EXTRACTION OF MODEL PARAMETERS FROM PHYSICAL MEASUREMENTS 

TABEL 2. TEMPLATE 


TABLE 3. FINAL MODEL 

.SUBCKT TEMPLATE 2 13; rev 12/17/90 


.SUBCKT RFH75N05 2 1 3; rev 3/20/91 

*Nom Temp=25 deg C 


*Nom Temp=25 deg C 

Mosi 16 6 8 8 MOSMOD M=0.99 ; 

Step 1 

Mosi 16 6 8 8 MOSMOD M=0.99 

.MODEL MOSMOD NMOS (VTO=3 KP=10 


.MODEL MOSMOD NMOS (VTO=3.48 KP=78.5 

+IS=1 e-30 N=10 TOX=1 L=1 u W=1 u) 


+IS=1e-30N=10TOX=1 L=1uW=1u) 

Mos2 16 21 8 8 MOSMOD M=0.01 ; 

Step 2 

Mos2 16 21 8 8 MOSMOD M=0.01 

Vto 216 0 


Vto 21 6 0.6 

Rsource 8 7 RDSMOD 1e-12 ; 

Step 3 

Rsource 8 7 RDSMOD 2e-3 

Rdrain 5 16 RDSMOD 1e-12 ; 

Step 4 

Rdrain 5 16 RDSMOD 3.07e-3 

.MODEL RDSMOD RES (TC1=0 TC2*0) 

Step 5 

.MODEL RDSMOD RES (TC1=5.2e-3 TC2=1.37e-5) 

Evto 206 1881 ; 

Step 6 

Evto 206 1881 

Rvto 1819 RVTOMOD 1 


Rvto 18 19 RVTOMOD 1 

11817 1 


11817 1 

Vbat819DC1 


Vbat819DC1 

.MODEL RVTOMOD RES (TC1=0 TC2=0) 


.MODEL RVTOMOD RES (TC1=-3.78e-3 TC2=-7.51e-7) 

Ebreak11 7 17 18 1000; 

Step 7 

Ebreak11717 18 58.4 

DbreakSII DBKMOD 


DbreakSII DBKMOD 

Rbreak 17 18 RBKMOD 1 


Rbreak 1718 RBKMOD 1 

.MODEL RBKMOD RES (TC1=0 TC2=0); 

Step 8 

.MODEL RBKMOD RES (TCI =9.5e-4 TC2=-1.17e-6) 

.MODEL DBKMOD D (RS=0 TRS1=0 TRS2=0); 

Step 9 

.MODEL DBKMOD D (RS=8e-2 TRS1=2.5e-3 TRS2=0) 

Dbody7 5DBDMOD; 

Step 10 

Dbody7 5DBDMOD 

.MODEL DBDMOD D (IS=1e-30 RS=0 TRS1=0 


.MODEL DBDMOD D (IS=:2.23e-12 RS=2.28e-3 TRS1=2.98e-3 

+TRS2=0 CJO=0TT=0) 


+TRS2=2.22E-12 CJO=7.55e-9 TT=4e-8) 

Lgate 1 9 1e-12 ; 

Step 11 

Lgate 1 9 5e-9 

Ldrain 2 5 1e-12 


Ldrain 2 5 1e-9 

Lsource3 7 1e-12 


Lsource 3 7 3e-9 

Rgate 9 20 1 


Rgate 9 20 1.2 

Cin6 8 1e-15; 

Step 12 

Cin 6 8 4.48e-9 

DpIcaplOSDPLCAPMOD; 

Step 13 

Dpicap 10 5 DPLCAPMOD 

.MODEL DPLCAPMOD D (CJO=0 IS=1e-30 N=10) 


.MODEL DPLCAPMOD D (CJO=2.14e-9 IS=1e-30 N=10) 

Esg610681 


Esg610681 

Ca12 81e-15; 

Step 14 

Ca12 8 8.98e-9 

S1a6 12 13 8S1AMOD 


S1a612 13 8S1AMOD 

S1b131213 8S1BMOD 


S1b131213 8S1BMOD 

.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 


.MODEL S1AMOD VSWITCH (RON=1e-5 ROFF=0.1 

+VON=-3VOFF=-1) 


+VON=-2.48 VOFF=-0.48) 

.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF^O.I 


.MODEL S1BMOD VSWITCH (RON=1e-5 ROFF=0.1 

+VON=-1 VOFF=-3) 


+VON=-0.48 VOFF=-2.48) 

Egs138681 


Egs 1386 81 

Cb15141e-15; 

Step 15 

Cb1514 8.81e-9 

S2a6151413S2AMOD 


S2a6151413S2AMOD 

S2b13 151413S2BMOD 


S2b13 151413S2BMOD 

.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 


.MODEL S2AMOD VSWITCH (RON=1e-5 ROFF=0.1 

+VON=-2.5 VOFF=:2.5) 


+VON=-2.25 VOFF=:2.75) 

.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF=:0.1 


.MODEL S2BMOD VSWITCH (RON=1e-5 ROFF«0.1 

+VONs:2.5 VOFF=-2.5) 


+VON=2.75 VOFF=-2.25) 

Eds 148 581 


Eds 148581 

Rin 6 8 1e9 ; 

Step 16 

Rin 6 8 1e9 

.ENDS 


.ENDS 
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OBTAINING EXPERIMENTAL DATA 

When the authors experienced difficulty in parameter extrac¬ 
tion the problems were traceable to erroneous data in all 
cases. The following caveats are offered: 

1. Obtain all data from a single device. 

2. Read gate voltage data to the nearest 0.01 volt. 

3. Employ Kelvin sensing to the package leads. 

4. Avoid self heating (a difficult assignment) 

5. Inconsistencies lurk In data sheet curves and 
specifications. 

FINAL MODEL 

The final model for the RFH75N05 is shown in Table 3 and 
serves as an aid to understanding as it is developed from the 
template. 

STEP 1 - MODEL MOSMOD (VTO AND KP) 

The square root of drain current is plotted versus the gate to 
source voltage for the MOSFET In the saturated regime; a 
straight line results. The zero current intercept defines VTO 
and the slope defines the square root of (KP/2). Vary VTO 
and KP to obtain the best fit to data for the low to medium 
current experimental data at 25°C. 

VTO is not the threshold voltage as measured. In order to 
use the algorithm of the PSpice® Level 1 model, W(the 
channel width) and L(the channel length) are defined as one 
micron. Therefore KP times W divided by L reduces to the 
model value called KP. Likewise IS, N, and TOX are set to 
values chosen to avoid other algorithm problems. Figure 20 
shows the PSpice® generated curve after the correct values 
of KP and VTO of model MOSMOD are chosen. 



3 4 

Vgs(V) 

FIGURE 20. SQUARE ROOT OF Ip 

STEP2-Vto 

The threshold voltage is set by fixing the value of Vyo 
Threshold voltage of a power MOSFET is usually measured 
in the saturated regime at a low current, typically 1mA. If the 
PSpice® model Is run at 25°C with the gate and drain volt¬ 
age equal, a voltage will be found to yield 1mA drain current. 
Vjo is this voltage reduced by the measured threshold volt¬ 
age. The value identified was 0.6 volts. 


STEP 3 - Rsource 

The straight line curve of Figure 20 is modified by a chosen 
value of Rsource order to better fit the measured data for 
medium to high currents at 25°C. This is shown in Figure 21, 
where 2E-3 provided the best fit. 
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Vgs(V) 

FIGURE 21. SQUARE ROOT OF Ip 


STEP 4 - Rdrain 

Rqrain is chosen to fix the PSpice® calculated Rds(on) 
value to the measured value at 25°C when the template is 
biased to the gate voltage and drain current of the specifica¬ 
tions. Do not use the specified maximum of Rds(on)- The 
value developed was 3.07E-3. 

STEP 5 - MODEL RDSMOD (TCI AND TC2) 

Rsource snd Rdrain ^re assumed to have the same 
temperature coefficients. Although this is not accurate, it is 
convenient and is deemed to be sufficient for this purpose. If 
Rds(on) is measured as a function of temperature, best fit 
can be obtained by appropriately choosing TCI and TC2 
values of 5.2E-3 and 1.37E-5. Rds(ON) is shown In Figure 
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FIGURE 22. Rps(0N) vs TEMPERATURE 
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STEP 6 - MODEL RVTOMOD (TCI AND TC2) 

The plot of Figure 21 must be modified to add curves at low 
and high temperature. A temperature sensitive additive or 
subtractive voltage is placed in series with the gates of Mosi 
and Mos2 by use of ^vto A 1 volt drop equal to It times 
Rvto is canceled by a 1 volt supply, Vbat and applied to 
Evto By choosing the values of TCI and TC2 for model 
RVTOMOD, the voltage of Evjo's made temperature sensi¬ 
tive. The result is shown in Figure 23, where TCI and TC2 
were chosen for best fit at -3.78E-3 and -7.51 E-7. 




STEP 9 - MODEL DBKMOD (RS, TRS1 AND TRS2) 

Although reliable data is difficult to obtain for the breakdown 
voltage at many tens of amperes, it can be done with a small 
Inductive flyback circuit of very low duty cycle. RS of the 
diode Dbreak may be determined at 25°C. TRS1 and TRS2 
may be determined with similar measurements at several 
temperatures. The curves of Figure 25 present the modelled 
behavior for RS, TRS1 and TRS2 equal to 8E-2, 2.5E-3, and 
0 . 


— 

Vgs 

— 

«ov 
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FIGURE 23. TRANSFER CHARACTERISTICS vs 
TEMPERATURE 

STEP 7 - Ebreak 

Ebreak derives a thermally variant voltage from the product 
of Ij and Rbreak ©Qual to 1.00 volt at 25°C. When the drain 
voltage rises sufficiently, diode Dbreak provides a voltage 
clamp to Ebreak- ^^e value of the Ebreak multiplier is equal 
to the low current value of BVdss ^sss the forward drop of 
Dbreak- The multiplier was set at 58.4 for the final model. 

STEP 8 - MODEL RBKMOD (TCI AND TC2) 

The low current breakdown voltage of the MOSFET may be 
measured at several temperatures, such that TCI and TC2 
may be determined for model RBKMOD. Figure 24 plots the 
low current breakdown voltage as a function of temperature 
as modeled with TCI and TC2 equal to 9.5E-4 and -1.17E-6. 


10 30 50 70 

BVdss (V) 

FIGURE 25. BREAKDOWN vs TEMPERATURE 

STEP 10(a) - MODEL DBDMOD (IS, RS, TRS1 and TRS2) 

When operating Dbody 'he forward mode, one may 
develop IS and RS at 25°C assuming a diode ideality value 
of 1.0, the default value. Measurements at elevated current 
levels and several temperatures will define TRS1 and TRS2. 
Measurements are taken with Vqs equal to zero. Figure 26 
presents the body diode forward characteristics for several 
temperatures where IS, RS, TRS1, and TRS2 are found to 
equal 2.23E-12, 2.28E-3, 2.98-E3, and 2.22E-12. 
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FIGURE 24. BREAKDOWN vs TEMPERATURE 
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FIGURE 26. BODY DIODE CURVES 
STEP 10(b) - MODEL DBDMOD (CJO, TT) 

Coss minus Crss may be determined at 25 volts and 25°C. 
Then CJO is this value when adjusted to zero drain volts by 
the factor of the square root of (25+0.7) or 5.07. For the 
example this equals 7.55E-9. 
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In order to determine TT, equipment similar to the Bermar 
SM30 may be used. This equipment forces a forward body 
diode current (If) for a sufficiently long period of time, after 
which a linear amplifier with high current capability ramps 
the diode current off at a constant rate, di/dt. (Feedback 
control is used.) The diode current equals zero at time Tp 
after the ramp off is initiated. The current continues to ramp, 
extracting charge from the diode, for an added time T;^. At 
this time, the constant ramp (di/dt) can no longer be main¬ 
tained and the reverse current has attained a maximum. TT 
may be solved [12] and entered using: 

TT = TA/(1-exp(-(TA+TF)mr)) 

The value of TT was determined to equal 4E-8. 

STEP 11 - Lgate» Ldrain* I-source* Rqate 

^GATE' ^draiN' ^source* f^GATE measured, 

estimated or calculated and entered. An approximation for 
the inductances in nH may be calculated using: 

L = (5)(length)(loge(4(length/diam))) nH 

where wire length and diameter are in inches [13]. Values of 
Lgate, Ldrain, Lsource, and Rgate were approximated at 
5E-9,1E-9, 3E-9, and 1.2 for the final model. 

CAPACITANCES 

The capacitances are derived from the measured gate 
charge curve of Figure 27. They will require some iteration 
and some judgement calls as will be explained. 
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FIGURE 27. GATE CHARGE CURVES 

STEP12-C,n 

The value of C|n should be chosen for best fit to the solid line 
portion of the Vqs curve of Figure 27 labeled step 12. A 
value of 4.48E-9 was found to provide a good fit. 

STEP 13 - MODEL DPLCAPMOD (CJO) 

A feedback capacitor is modelled by using the junction 
capacitance of a reverse biased diode, Dplcap as defined by 
model DPLCAPMOD. IS and N of model DPLCAPMOD were 
chosen to avoid undesired diode effects. CJO is chosen as 
2.14E-9 to best fit the solid line portion of the Vps curve of 
Figure 27. 



STEP 14 - Ca, models SIAMOD and S1BMOD (VON 
and VOFF) 

The value of Ca is chosen to be 8.98E-9 to best parallel the 
dotted line portion of the Vqs curve of Figure 27 labelled 
step 14. 

In order to match the dotted line portion it may be necessary 
to increment VON and VOFF of both model SIAMOD and 
model S1BMOD. Note that all four values must be incre¬ 
mented by an identical amount before making a PSpice® 
run. This incremental change will vertically displace the 
slope provided by Ca- The transition voltages of SI A and 
SIB must always be negative values. 

The sharpness of transition between the dashed line of step 
14 and the solid line of step 12 may be adjusted If necessary 
by changing the increment between VON and VOFF equally 
for both SI A and SIB. 

STEP 15 - Cb, models S2AMOD and S2BMOD (VON 
and VOFF) 

The value of Cb is chosen to be 8.81E-9 to best parallel the 
solid line portion of the Vqs curve of Figure 27 labelled step 
15. 

In order to match the solid line portion It may be necessary 
to increment VON and VOFF of both model S2AMOD and 
model S2BMOD. Note that all four values must be incre¬ 
mented by an identical amount before making a PSpice run. 
This increment change will horizontally displace the slope 
provided by Cb- 

The sharpness of transition between the solid line and the 
low voltage dotted line of the V^s curve may be adjusted if 
necessary by changing the increment between VON and 
VOFF equally for both S2A and S2B. It Is recommended that 
this increment be small, of the order of several volts. 

STEP16-R,n 

Rin can be set to a very large value such as 1E15. However 
it is recommended that it be chosen low enough to cause 
lOnA to flow at a gate bias of moderately high voltage, typi¬ 
cally 1E9 ohms. Rin functions to provide an initial gate refer¬ 
ence voltage near zero even though the Modeler may 
choose to drive the MOSFET from a current generator. 

EPILOGUE 

The final model is completed as shown in Table 3. One may 
iterate through the steps if desired, but it should not be nec¬ 
essary. Any changes made in the model outside of the 
above routine should be minimal, if at all. 

Anomalies 

Some commercially available power MOSFETs exhibit 
anomalous behavior which is not modelled In this work. 

THE VERTICAL JFET PROBLEM 

A vertical JFET type of structure exists In the VDMOS device 
used for the industry standard power MOSFET. Many works 
describe this portion of the device, including Wheatley, et al 
[14]. The N- lightly doped drain region reaches to the surface 
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of the silicon die, which is bounded by the P doped body. 
This region of N* is often called the neck of the MOSFET. As 
the breakdown voltage of the device is designed for increas¬ 
ing values, the depletion layer extends further within the 
neck laterally, for relatively low drain voltages. In this man¬ 
ner, the neck or vertical JFET becomes pinched off, causing 
the Rds(ON) to exhibit excess non-linearity with current. In 
addition an abrupt limiting of the drain current (at large val¬ 
ues of drain voltages) occurs for increasing values of gate 
voltage. This current limiting has a highly localized thermal 
assist constrained to the neck with time responses In the 
microsecond region. This anomaly may be suppressed by 
increasing the neck width and/or implanting a low dose of N 
type dopant Into the neck, just below the surface. 

Devices of this type are not properly modelled. 

NON OHMIC CONTACT PROBLEMS 

Some commercially available devices exhibit a non-ohmic 
series contact resistance from the metallization to the sili¬ 
con. This seldom happens with present day devices, but, 
when present, it Is most likely to occur from source metal to 
source silicon for N channel devices, and from drain metal to 
drain silicon for P channel devices. The effect is seen as a 
low current non-linearity in Rds(on) vs drain current for the 
former case and an excessive voltage drop for the body 
diode for the latter case. 

Devices of this type are not properly modelled. 

Conclusions 

An equivalent circuit model for power MOSFETs that is suit¬ 
able for use with PSpice® has been demonstrated. The 
model requires no modifications to the PSpice® algorithms. 
The model features global temperature representation from 
-55°C to 175°C for the first time. It addresses static and 
dynamic behavior over the normal circuit operating range of 
the device, including 1 st and 3rd quadrant MOSFET opera¬ 
tion, high current avalanche breakdown operation, body 
diode stored charge effects, gate charge non-linearities, gate 
equivalent series resistance (ESR), and package induc¬ 
tances. Gate propagation delay is not modelled [15]. The 
sub-circuit is empirical in nature and the parameters may be 
readily extracted by use of terminal measurements. Experi¬ 
mental verification shows excellent agreement between 
measured and simulated results over the entire thermal, 
static, and dynamic regimes. 

Recommendations For Future Work 

A supporting program of algorithms should be written to 
address the parameter extraction effort. 


Accurate testing for characterization of power MOSFETs as 
a function of temperature is required. Studies should be 
made to identify and correct methods prone to testing error. 

PSpice® algorithms should be modified to refine and incor¬ 
porate many of the findings of this work into a new MOS 
level. 

If a new MOS level is formed, a modification should be made 
to the drain current equation in the linear regime to accom¬ 
modate the non-uniform channel surface concentration of 
the power MOSFET as described elsewhere. If done, the 
MOSFET may be more closely modelled in the linear regime 
of the output characteristic curves and the third quadrant 
MOSFET regime. (See Figure 9 and Figure 19.) The 
authors suggest a user defined model value WH to be used 
in a multiplier which would be applied to Id in the linear 
regime such that: 

Multiplier = (1+WH*(1-VDs/(VGs-VTo)n 
If the multiplier were applied to the MOSFET of Table 3, the 
1st and 3rd quadrant characteristics would be approximately 
as shown In Figure 28 for Vqs = 5 volts. Here, WH is shown 
for values of 0, 1, and 2. The drain and source are Inter¬ 
changed for Vqs < 0, as is done In PSpice®. 



-0.3 0.3 0.9 1.5 

VdsCV) 

FIGURE 28. THE WH ADJUSTMENT 


A value of zero for WH forces the multiplier to equal unity for 
ail values of V^s. thereby retaining the original linear regime 
equation. Zero should be the default value. Any value of WH 
greater than 1 results In a negative output resistance and Is 
unacceptable. Therfore WH is bounded by 0 and 1. 

If this multiplier option were offered, it would be extracted for 
the model MOSMOD between steps 3 and 4 of Table 2, 
probably requiring some iteration between WH and Rdraln. 
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Spice Model CKT File 


.SUBCKT RFD14N05 2 1 3; REV 11/23/93 SPICE MODEL CKT FILE "D14N05.CIR" 

* Term. Conn.**** DOS 

************************************************************ 

* * 

I For further discussion of this PSPICE PowerFET macromodel consult I 

* A New PSPICE Sub-circuit for the Power MOSFET Featuring Global J 

* Temperature Options by William J. Hepp and C. Frank Wheatley ★ 

lNOMTEMP=25degC I 

ic it 

4r******4r***ifr*ir*****************************ir*********4r***** 

Ca 12 8 6.62e-10 
Cb1514 6.53e-10 
CIn 6 8 5.297e-10 
Dbody7 5DBDMOD 
DbreakSII DBKMOD 
DpIcaplOSDPLCAPMOD 
Ebreak11 717 18 66.5 
Eds 148 58 1 
Egs 13 8 68 1 
Esg610 681 

EscI 51 50 VALUE={(V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1E6/45,7.0))} 

Evto 2061881 

It 8 17 1 

Ldrain2 5 1e-9 

Lgate 1 9 3.60e-9 

Lsource 3 7 3.25e-9 

Mosi 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 RDSMOD 2.46e-3 

Rgate 9 20 4.53 

Rin 6 8 1e9 

Rscll 5 51 RSLVCMOD 1e-6 
Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 42.4e-3 
Rvto 1819 RVTOMOD 1 
S1a6 12 13 8S1AMOD 
S1b131213 8S1BMOD 
S2a6 151413S2AMOD 
S2b1315 1413S2BMOD 
Vbat 8 19 DC 1 
Vto 21 6 0.69 

.MODEL DBDMOD D (IS=1.30e-13 RS=1.03e-2 TRS1=1.95e-3 TRS2=-3.06e-6 +CJO=6.84e-10 TT=4.05e-8) 

.MODEL DBKMOD D (RS=3.89e-1 TRS1=1.38e-3 TRS2=-1.13e-6) 

.MODEL DPLCAPMOD D (CJO=1.94e-10 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=3.73 KP=9.32 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TCI =1.06e-3 TC2=-1.22e-6) 

.MODEL RDSMOD RES (TC1=5.80e-3 TC2=2.03e-5) 

.MODEL RSLVCMOD RES (TC1=1.85e-3 TC2=-3.1e-6) 

.MODEL RVTOMOD RES (TC1=-5.66e-3 TC2=:-7.92e-6) 

.MODEL SI AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-5.02 VOFF=:-3.00) 

.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=:-3.00 VOFF=-5.02) 

.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=:-1.8 VOFF=3.2) 

.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF^O.I VON=3.2 VOFF=-1.8) 

.ENDS 






Spice Model CKT File 


.SUBCKT RFD16N06LE 213; REV 8/2/93 SPICE MODEL CKT FILE •D16N06LE.CIR’ 


************** 


NOM TEMP = 25 deg C 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 


************************************************* 

Ca 12 8 3.364e-9 

Cb 1514 3.41e-9 

Cin6 81.317e-9 

Dbody7 5DBDMOD 

DbreakSII DBKMOD 

Desdl 91 9 DESD1MOD 

Desd2 91 7 DESD2MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreakll 717 18 75.5 

Eds 148 58 1 

Egs 138 68 1 

Esg610 68 1 

Evto 2061881 

It 8 171 

Ldrain 2 5 1e-9 

Lgate 1 9 4.9e-9 

Lsource 3 7 4.9e-9 

Mosi 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 1718 RBKMOD 1 

Rdrain 50 16 RDSMOD 11.86e-3 

Rgate9 20 2.52 

Rin 6 8 1e9 

Rscll 5 51 RSLVCMOD 1e-6 
Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 26.0e-3 
Rvto 18 19 RVTOMOD 1 
S1a61213 8S1AMOD 
Sib 13 12 13 8 SIBMOD 
S2a6151413S2AMOD 
S2b13 15 14 13S2BMOD 
Vbat819DC1 
Vto 21 6 0.5 

EscI 51 50 VALUE={(V(5.51)/ABS(V(5.51)))*(PWR(V(5,51)*1e6/93,7.6))} 

.MODEL DBDMOD D (IS=3.80e-13 RS=1.12e-2 TRS1=1.61e-3 TRS2=6.08e-6 +CJO=1.05e-9 TT=3.84e-8) 
.MODEL DBKMOD D (RS=1.44e-1 TRS1=6.59e-3 TRS2=9.71e-6) 

.MODEL DESD1MOD D(BV=13.5 TVB1=0 TBV2=0 RS=48.0 TRS1=0 TRS2=0) 

.MODEL DESD2MOD D(BV=10.24 TVB1=-8.6756e-4 TBV2=7.425e-7 RS=0 TRS1=0 TRS2=0) 

.MODEL DPLCAPMOD D (CJO=5.59e-10 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=1.89 KP=113.0 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=1.12e-3 TC2=-9.59e-7) 

.MODEL RDSMOD RES (TC1=4.98e-3 TC2=1.34e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.75e-6) 

.MODEL RVTOMOD RES (TC1=-1.86e-3 TC2=-3.63e-6) 

.MODEL SI AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.85 VOFF=-1.85) 

.MODEL SI BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.85 VOFF=-3.85) 

.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.34 VOFF=2.76 ) 

.MODEL S2BMODVSWITCH(RON=1e-5ROFF=0.1 VON=2.76 VOFF=-2.34) 

.ENDS 
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Spice Model CKT File 


.SUBCKT RFD7N10LE 213; REV 6^/93 SPICE MODEL CKT FILE ‘DTNIOLE.CIR’ 

‘Term. Conn.““* D G S 

A*********************************************************** 
★ ★ 

I For further discussion of this PSPICE PowerFET macromodel consult I 

* A New PSPICE Sub-circuit for the Power MOSFET Featuring Global J 

* Temperature Options by William J. Hepp and C. Frank Wheatley * 

I NOM TEMP = 25 deg C I 


Ca12 8 1.102e-9 

Cb15 141.157e-9 

Cin 6 8 0.370e-9 

Dbody 7 5 DBDMOD 

□break 5 11 DBKMOD 

Desdl 91 9DESD1MOD 

Desd2 91 7DESD1MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreakll 717 18 115.8 

Eds 148 581 

Egs 13868 1 

Esg610 68 1 

Evto 2061881 

118 17 1 

Ldrain 2 5 1e-9 

Lgate 1 9 3.58e-9 

Lsource 3 7 3.82e-9 

Mosi 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 50 16 RDSMOD 136.9e-3 

Rgate 9 20 7.61 

Rin 6 8 1e9 

Rscll 5 51 RSCLVMOD 1e-6 
Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 84.4e-3 
Rvto 18 19 RVTOMOD 1 
S1a6 1213 8S1AMOD 
Sib 13 12 13 8 SIBMOD 
S2a6 151413S2AMOD 
S2b13 15 1413S2BMOD 
Vbat 8 19 DC 1 
Vto 21 6 0.444 

EscI 51 50 VALUE={(V(5.51)/ABS(V(5.51)))*(PWR(V(5.51)‘1e6/(15.5),7.25))} 

.MODEL DBDMOD D (IS=5.07e-14 RS=1.37e-2 TRS1=1.72e-3 TRS2=-1.59e-6 +CJO=2.57e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=2.32e-1 TRS1=6.50e-4 TRS2=1.72e-6) 

.MODEL DESD1MOD D(BV=14.0 TVB1=0 TBV2=0 RS=0 TRS1=0 TRS2=0) 

.MODEL DESD2MOD D(BV=12.5 TVB1=0 TBV2=0 RS=0 TRS1=0 TRS2=0) 

.MODEL DPLCAPMOD D (CJO=1.84e-8 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=2.045 KP=14.07 IS=1e-30 N=10 TOX=1 L=1u W=:1u) 

.MODEL RBKMOD RES (TC1=1.13e-3 TC2=4.74e-8) 

.MODEL RDSMOD RES (TC1=7.45e-3 TC2=2.68e-5) 

.MODEL RSCLVMOD RES (TC1=1.75e-3 TC2=0) 

.MODEL RVTOMOD RES (TC1=:-2.73e-3 TC2=-5.46e-6) 

.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-4.35 VOFF=-1.75) 

.MODEL SI BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.75 VOFF=:-4.35) 

.MODEL S2AMODVSWITCH(RON=1e-5 ROFF=0.1 VON=-1.75 VOFF=3.50) 

.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=3.50 VOFF=-1.75) 

.ENDS 
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Spice Model CKT File 


.SUBCKT RFP10P03L 213; REV 11/6/92 SPICE CKT MODEL FILE ■P10P03L.CIR" 

*Term. Conn.***** D G S 

*★*★**★**★★** ★★********★**★*★★**★****★*****★★***★******★★*★* 
* ★ 

I For further discussion of this PSPICE PowerFET macronriodel consult I 

* A New PSPICE Sub-circuit for the Power MOSFET Featuring Global J 

* Temperature Options by William J. Hepp and C. Frank Wheatley * 

I NOM TEMP = 25 deg C I 


Ca12 8 1.42e-9 
Cb 15141.3e-9 
Cin 6 8 6.7e-8 
□body 5 7 DBDMOD 
Dbreak7 11 DBKMOD 
Dpicap 10 6 DPLCAPMOD 
EbreakSII 17 18-51.9 
Eds 148 581 
Egs 138 681 
Esg 5 10 8 6 1 
Evto 2061881 
It 8 171 

Mosi 16 6 8 8 MOSMOD M=0.99 
Mos2 16 21 8 8 MOSMOD M=0.01 
Lgate 1 9 8.7e-12 
Ldrain2 51e-9 
Lsource 3 7 7.6e-9 
Rbreak 1718 RBKMOD 1 
Rdrain 5 16 RDSMOD 79.08e-3 
Rgate 9 20 12.25 
Rin 6 8 1e9 

Rsource 8 7 RDSMOD 27.49e-3 
Rvto 18 19 RVTMOD 1 
S1a6 12 13 8S1AMOD 
S1b1312 13 8S1BMOD 
S2a615 1413S2AMOD 
S2b1315 1413S2BMOD 
Vbat 819 DC 1 
Vto 21 6 -0.50 

.MODEL DBDMOD D (IS=1.14e-13 RS=2.86e-2 TRS1=6.29e-4TRS2=-2.76e-6 +CJO=8.55e-10 TT=3.84e-8) 
.MODEL DBKMOD D (RS=3.32e-1 TRS1=5.50e-3 TRS2=-5.38e-5) 

.MODEL DPLCAPMOD D (CJO=:4.3e-8 IS=1e-30 N=10) 

.MODEL MOSMOD PMOS (VTO=-2.01 KP=5.3105 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=6.07e-4 TC2=3.30e-6) 

.MODEL RDSMOD RES (TC1=3.48e-3 TC2=8.83e-6) 

.MODEL RVTMOD RES (TC1=-1.51e-3TC2=8.74e-7) 

.MODEL SI AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=4.42 VOFF=2.42) 

.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VONr:2.42 VOFF=:4.42) 

.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=:1.43 VOFF=-3.57) 

.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=:0.1 VON=-3.57 VOFF=1.43) 

.ENDS 










Spice Model CKT File 


.SUBCKT RFP30N06LE 213; REV 6/2/93 SPICE MODEL CKT FILE •P30N06LE.CIR" 
•Term. Conn.****** D G S 


I For further discussion of this PSPICE PowerFET macromodei consuit 

J A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 

* Temperature Options by William J. Hepp and C. Frank Wheatley 

I NOMTEMP = 25degC 


Ca 12 8 3.34e-9 

Cb 1514 3.44e-9 

Cin 6 8 1.343e-9 

□body 7 5 DBDMOD 

□breaks 11 DBKMOD 

Desdl 91 9 DESD1MOD 

Desd2 91 7 DESD2MOD 

Dpicap 10 5 DPLCAPMOD 

Ebreakll 717 18 75.39 

Eds 14858 1 

Egs 138 68 1 

Esg 6 10 6 8 1 

Evto 20 6 18 8 1 

118 17 1 

Ldrain 2 5 1e-9 

Lgate 1 9 7.22e-9 

Lsource 3 7 6.31 e-9 

Mosi 16 6 8 8 MOSMOD M^.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 1718 RBKMOD 1 

Rdrain 50 16 RDSMOD 11.86e-3 

Rgate 9 20 2.52 

Rin 6 8 1e9 

Rscll 5 51 RSLVCMOD 1e-6 
Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 26.6e-3 
Rvto 18 19 RVTOMOD 1 
S1a6 1213 8S1AMOD 
S1b1312 13 8S1BMOD 
S2a6 151413S2AMOD 
S2b13 15 14 13S2BMOD 
Vbat 8 19 DC 1 
Vto 21 6 0.5 

EscI 51 50 VALUE={{V(5,51)/ABS(V(5,51)))*(PWR(V(5,51)*1e6/89,7))} 

.MODEL DBDMOD D (IS=3.80e-13 RS=1.12e-2 TRS1=1.61e-3 TRS2=6.08e-6 +CJO=1.05e-9 TT=3.84e-8) 
.MODEL DBKMOD D (RS=1.82e-1 TRS1=7.50e-3 TRS2=-4.0e-5) 

.MODEL DESD1MOD D(BV=:13.54 TVB1=0 TBV2=0 RS=45.5 TRS1=0 TRS2=0) 

.MODEL DESD2MOD D(BV=11.46 TVB1 =-7.576e-4 TBV2=-3.0e-6 RS=0 TRS1 =0 TRS2=0) 

.MODEL DPLCAPMOD D (CJO=0.591e-9 IS=1e-30 N=:10) 

.MODEL MOSMOD NMOS (VTO=1.94 KP=139.2 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=:1.07e-3 TC2=-3.03e-7) 

.MODEL RDSMOD RES (TC1=5.38e-3 TC2=1.64e-5) 

.MODEL RSLVCMOD RES (TC1=1.75e-3 TC2=3.90e-6) 

.MODEL RVTOMOD RES (TC1=-2.15e-3 TC2=-5.43e-6) 

.MODEL S1AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-4.05 VOFF=-1.50) 

.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-1.50 VOFF=-4.05) 

.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.20 VOFF=2.80 ) 

.MODEL S2BMODVSWITCH(RON=1e-5ROFF=0.1 VON=2.80 VOFF=-2.20) 

.ENDS 
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Spice Model CKT File 


.SUBCKT RFP3055 2 1 3; REV 10/26/93 SPICE MODEL CKT FILE •P3055.CIR‘ 
*Term. Conn.*** D G S 


***************** 


********** 


NOM TEMP = 25 deg C 


For further discussion of this PSPICE PowerFET macromodel consult 
A New PSPICE Sub-circuit for the Power MOSFET Featuring Global 
Temperature Options by William J. Hepp and C. Frank Wheatley 


Ca 12 8 0.54e-9 
Cb1514 0.54e-9 
Cin 6 8 0.30e-9 
Dbody7 5DBDMOD 
□break 5 11 DBKMOD 
DpIcaplOSDPLCAPMOD 
Ebreakll 717 18 67.9 
Eds 148581 
Egs 138681 
Esg610 681 

EscI 51 50 VALUE={(V(5.51)/ABS(V(5.51)))*(PWR(V(5.51)*1E6/30.6.5))} 

Evto20 618 81 

It 8 171 

Ldrain 2 5 1e-9 

Lgate 1 9 4.61 e-9 

Lsource 3 7 4.61 e-9 

Mosi 16 6 8 8 MOSMOD M=0.99 

Mos2 16 21 8 8 MOSMOD M=0.01 

Rbreak 17 18 RBKMOD 1 

Rdrain 5 16 RDSMOD 1.0e-4 

Rgate 9 20 7.23 

Rin6 81e9 

Rscll 5 51 RSLVCMOD1e-6 
Rscl2 5 50 1e3 

Rsource 8 7 RDSMOD 108e-3 
Rvto 1819 RVTOMOD 1 
S1a6 1213 8SlAMOD 
S1b1312 13 8S1BMOD 
S2a6 151413S2AMOD 
S2b1315 1413S2BMOD 
Vbat 8 19 DC 1 Vto 21 6 0.5 

.MODEL DBDMOD D (IS=4.33e-14 RS=2.78e-2 TRS1=1.10e-3 TRS2=5.19e-6 +CJO=3.94e-10 TT=7.63e-8) 
.MODEL DBKMOD D (RS=0.676e-1 TRS1=1.94e-3 TRS2=-1.09e-6) 

.MODEL DPLCAPMOD D (CJO=0.283e-9 IS=1e-30 N=10) 

.MODEL MOSMOD NMOS (VTO=4.078 KP=12 IS=1e-30 N=10 TOX=1 L=1u W=1u) 

.MODEL RBKMOD RES (TC1=1.06e-3 TC2=-1.92e-6) 

.MODEL RDSMOD RES (TC1=5.03e-3 TC2=1.53e-5) 

.MODEL RSLVCMOD RES (TCI =2.2E-3 TC2=-5E-6) 

.MODEL RVTOMOD RES (TC1=-5.02e-3 TC2=-9.16e-6) 

.MODEL SI AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-6.50 VOFF=-3.50) 

.MODEL S1BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-3.50 VOFF=-6.50) 

.MODEL S2AMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=-2.5 VOFF=2.5) 

.MODEL S2BMOD VSWITCH(RON=1e-5 ROFF=0.1 VON=2.5 VOFF=-2.5) 

.ENDS 
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Harris Power MOSFETs 


UNDERSTANDiNG POWER MOSFETs 

Author: Tom McNulty 


Power MOSFETs (Metal Oxide Semiconductor, Field Effect 
Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 

General Characteristics 

A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that It limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped¬ 
ance load to Its driving circuit. In most power circuits, this 
low-impedance Input requires somewhat complex drive 
circuitry. 

By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal. Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (Si02). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is. the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when In this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 

By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped¬ 


ance, current-controlled device. As a majority-carrier 
semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon¬ 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
Imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 

A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain. Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than In a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE GATE 


p CONVERTED 
TO n CHANNEL 





FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER¬ 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC¬ 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 

Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mii^ chip contains about 5,000 
cells; a 240-mii^ chip has more than 25,000 cells. 

One of the aims of multipie-ceils construction is to minimize 
the MOSFET parameter rDS(ON)» resistance from drain to 
source, when the device is in the on>state. When ros(OH) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 

Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 
amount, R|^, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rQS(ON)> 'S necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its rpspN) value: 

rDs(ON) = Rn/N. where N Is the number of cells. 



FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (rDS(ON) OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FOR A 
TYPICAL CHIP 


Bvoss 

40V 

150V 

500V 

Rchannel 

50% 

23% 

2.4% 

Rbulk 

35% 

70% 

97% 

Rexternal 

15% 

7% 

<1% 


In reality, r^spN) 's composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
rDS(ON)- The value of rospN) at any point of the curve Is 
found by adding the values of the three components at that 
point: 

''ds(ON) = Rbulk + Rchan + Rext 

where Rchan represents the resistance of the channel 
beneath the gate, and R^xt includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Rbulk represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 

Note In Figure 2 that Rchan snd R^xt are completely inde¬ 
pendent of voltage, while Rbulk is highly dependent on 
applied voltage. Note also that below about 150 volts, 
ros(ON) is dominated by the sum of Rchan and Rext* Above 
150 volts, rpspN) is increasingly dominated by Rbulk- Table 

1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 

Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, rpspN) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum rpspN) 
performance must be sacrificed if the MOSFET must with¬ 
stand ever-higher breakdown voltages. 

The significance of Rbulk iri devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rpspN) 
therefore. Increases with Increasing breakdown voltage 
capability, and low rpspN) i^ust be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 

There is a way around these obstacles. The r^spN) Figure 

2 holds only for a relatively small chip. Using a larger chip 
results In a lower value for rps(ON) because a large chip has 
more cells (See Figure 3). A larger chip also Increases 
MOSFET breakdown voltage capability. 

The penalty for using a larger chip, however. Is an increase 
in cost, since chip size is a major cost factor. And because 
chip area Increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
a given rpspN) sit a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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SMALLEST 

CHIP^ 






LARGEST 

CHIP 


Bvdss (V) 

FIGURE 3. AS CHIP SIZE INCREASES, ros(ON) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 

Effects of Temperature 

The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field Imposed on 
it) Is temperature dependent In silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 

Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 



The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic Is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 

Gate Parameters 

To permit the flow of drain-to-source current In an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and Is identified on 
data sheets as a leakage current, Iqss- Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (In the megohm range) and, in fact, is largely 
capacitive rather than resistive (because of the Isolation of 
the gate terminal). 

Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called C|ss on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 



JUNCTION TEMPERATURE - Tj (°C) 

FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO¬ 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN¬ 
AWAY AS TEMPERATURE INCREASES 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE C,ss 

Operating Frequency 

Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device Is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 

Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/D. But whereas the total R 
value is not found on datasheets, the C value (C|ss) is; it is 
recorded as both a maximum vaiue and in graphical form as 
a function of drain-to-source voltage. The value of Ciss is 
closely related to chip size; the iarger the chip, the greater 
the vaiue. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, iarger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 

Output Characteristics 

Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vqs) 
as a function of drain-to-source current (Iq)- A typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vqs values as a function of the gate-to- 
source voltage (gs). The curve Is divided Into two regions: a 
linear region In which Vqs is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 

Drive Requirements 

When considering the Vqs level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Vqs is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia¬ 
ble Increase In drain current can be expected. Generally Vqs 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of iOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the 1C output and gate input to match 
the needs of the MOSFET gate. 



DRAIN-TO-SOURCE VOLTAGE - Vos (V) 


FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 
LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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SWiTCHING WAVEFORMS OF THE L^FET: 
A 5 VOLT GATE-DRIVE POWER MOSFET 

Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L^FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor¬ 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic V(sat)” dissipation with con¬ 
stant drive power of the L^FET over the 10V MOSFET are 
demonstrated and discussed 

Background 

A new series of power MOSFET devices called Logic Level 
FETs, or L^FETs, is compatible with the 5V power supply 
used for logic circuitry. L^FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre¬ 
decessors, but operate from a much less costly 5V supply. 

The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the Industry standard 
lOOnm to 50nm (SOOA). Since the surface inversion of the 
MOS channel Is determined by the gate Insulator voltage 
field, halving the Insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 

The apparent conclusion from a study of the switching wave¬ 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L^FET 
over its lOOnm predecessor, where gate drive power is the 
same for both devices. The “dynamic V^sat)” dissipation Is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac¬ 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas¬ 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth¬ 
ods are described in detail below. 

L^FET Characteristics Compared to Standard Types - 
A Brief Review 

Thirty-two different power MOSFETs of the L^FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 


gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L^FET product cur¬ 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


< 8 


z 6 


O 4 


<— Vq » 9(4.5)V 

RFM10N15 

-Vq = 6(3)V 

RFM10N15L 

Vg = 5(2.5)V 


Vq = 4(2)V 


1 -1-1_1_1_ 


0 30 60 90 120 150 

DRAIN VOLTAGE (Vq) (V) 

FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L^FET 
DEVICES 



FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 

CURVES FOR REPRESENTATIVE STANDARD 
AND L^FET DEVICES DEMONSTRATING THAT 
Ron has NOT BEEN SACRIFICED IN THE L^FET 

Figures 1 and 2 are plots of drain current versus drain volt¬ 
age with gate voltage as the running parameter. The L^FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L^FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 3. There is a “dynamic V^sat)” ^VP® *^®*^avior 
scales to reflect the different gate sensitivities; again, L val- . ~ . ... » • x • • 

ues are in parenthesis. It is evident from the curve that: The dynamic V(sat) 'S of a iesser ampi 


1. The threshold voltage is scaled down by a factor of two for 
the L*FET. 

2. The threshoid voltage temperature coefficient in mV/°C is 
scaled down. 

3. The current level for zero temperature coefficient is un¬ 
changed. 

4. The transconductance is scaled up by a factor of two. 

All other L^FETs have similar relationships to their respec¬ 
tive predecessors. 







RFM10N15 

RMF10N15L 

Vdrain-iov 




4. The “dynamic V(sat)” is s lesser amplitude for the 
L^FET 

These observations are discussed below. 



TYPE 

GATE 

DRIVE 

(n) 

•d(ON) 

(ns) 

•(Rise) 

(ns) 

^KOFF) 

(ns) 

•(FALL) 

(ns) 

RFM10N15 

(lOOnm) 

0-1OV 

25 

15 

120 

123 

73 

RFM10N15L 

(50nm) 

0-5V 

6.25 

11 

57 

104 

62 


GATE VOLTAGE (Vq) (V) 

FIGURE 3. TRANSFER CHARACTERISTIC 

Switching Waveforms with Conventional 
Drive 

The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”, if the standard device is driven between zero and ten 
volts with an Rq of 25^ impedance transformation dictates 
that the L^FET should be driven between zero and five volts 
with an Rq of 6 V 4 U thereby transforming open circuit volt¬ 
age and short circuit current by factors of 2 (or V 2 ). With 
these parameters, either drive system will supply a peak Rq, 
or generator dissipation, of one watt. 

Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com¬ 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 

Note that: 

1. The rise and fall times are not symmetrical 

2 . The L^FET is faster 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE¬ 
SENTATIVE STANDARD AND L^FET DEVICES 

Switching Waveforms with Constant 
Current Drive 

The power MOSFET is a current driven device during transi¬ 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com¬ 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 

Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose Iq! = Ig 2 , with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices In 
this case even though the L^FET receives less drive power 
or energy. The value for Iq^ and Ig 2 was chosen as 5mA; the 
time scale is Ips/division. 

Note that: 

1. The rise and fall times of a given device are the same with 
current drive. 

2. The two devices have similar output waveforms in most 
regions. 

3. There is a persistent “dynamic V^sat)” switch¬ 

ing speeds. 
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4. The “dynamic V^sat)” curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 

5. The “dynamic V(sat)’’ curves are lower In amplitude by a 
factor of approximately two for the L^FET. 



TIME (ms) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN¬ 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 

Large Signal Equivalent Circuit of the 
MOSFET 

If we are to understand the differences and similarities of the 
L^FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig¬ 
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 

SOURCE METAL 



n-i- DRAIN 


FIGURE 6. CROSS SECTION OF POWER MOSFET 

When the drain voltage Is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition. It 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET Is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6 , where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied by the left half of Figure 6 . The 
right half Indicates the edge of the depletion width for several 
drain voltages. Note how the JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac¬ 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed In this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented. 



The equivalent circuit of Figure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MOS and JFET small signal equiv¬ 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. 

Industry data sheets show three terminal characterization of 
this four node network at zero drain current. Under this con¬ 
dition, the transconductance and output resistance are zero 
and infinity for both the MOS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig¬ 
ure 8 , which may be replaced by three capacitors. Note that 
this situation is valid only when no MOSFET current flows. 


C23 



When current does flow, node (4) of Figure 7 is a low Imped¬ 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped¬ 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig¬ 
nificant only to the Input node, ( 2 ). Capacitors 0 ^ 2 . C 23 , and 
C 24 are examined below over most of the switching regime 
when current is flowing. 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 

Interelectrode Capacitance 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 
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Gate to Source Capacitance, C12 

When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(Cl 2 ) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of 0^2 are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate Voltage Plateau 

As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voitage. As 
a result, the gate current no longer flows from C 12 during the 
constant gate voltage plateau. 

Drain Voitage Shallow Slope 


Gate to Drain Capacitance, C23 

Capacitor C 23 exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when¬ 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
capacitive coupling from drain to gate diminishes greatly 
when the JFET Is pinched off. Therefore, C 23 exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 

Gate to Internal Electrode Capacitance, C24 

Capacitor C 24 is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu¬ 
mulation layer, plus some of the area between the poly gate 
and the middle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and C 24 is invariant. This accumu¬ 
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu¬ 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage, in addition, a depletion layer may 
now form, leading to a further reduction of C 24 . 

Waveforms Expected from the Model 

The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current Is approximately equal to iD(max) 
and the drain voltage equals lo(max) times Rds(ON). 

Gate Voltage Slope - toFF f^efay 

As time progresses, Iq = -5mA, which must flow through 0^2 
+ C 23 + C 24 of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV 4 /dt = 6^2/ 
dt = nearly 0. With large positive gate bias and drain voitage 
near zero, C 23 is zero and C ^2 ^2 a ^ire constant. As a 

result, the gate voltage should be a straight line with a slope 
equal to: 

dVG/dt = lG/(Ci2 = C24) 


Since C 23 is still zero, all gate current must flow from C 24 . 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 

dVD/dt = lG/C24 (2) 

Again this curve will approximate a straight line. 

Drain Transition Voitage 

As mentioned above, C 24 rapidly decreases once the drain 
voltage Is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voitage by an amount nearly equal 
to iDrDs(on).) 

Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of C 24 has 
materially decreased and C 23 has become finite. This situa¬ 
tion results in a substantial increase in dVo/dt. 

JFET Pinch Off Voltage - Drain Voltage Steep Slope 

As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes In Its source-to-gate voltage. But the JFET sour-to- 
gate voltage Is the lateral MOS drain-to-source voltage, which 
Is dominated by equation 2 (but for low values of C 24 ). 

Gate Voltage Curvature from Plateau 

As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through Ci 2 - This flow pro¬ 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 

Gate Voltage Slope - t(ON) Delay 

When the drain is totally off, most of the gate current flows 
from Ci 2 - Again, this capacitance Is constant, so that the 
waveform is a straight line with a slope equal to: 

dVQ/dt = Ig/Ci2 


(1) 


(3) 
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FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 

The above discussion suggests that a new method of char¬ 
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.'' The below method 
bears some similarity to the gate charge concept.^ The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl¬ 
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time Is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec¬ 
onds (although the product is charged in nanocoulombs). 

Test Circuit - Drive 

A test circuit is shown in Figure 9. The heart of this circuit Is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli¬ 
fier bias current (Iabc)- Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig¬ 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 

A value of Iabc 'S established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +Iabc ^•'^^1 -Iabc t'nies a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu¬ 
rated behavior of ±Iabc- If fh® voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup¬ 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC Is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack¬ 


ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci¬ 
tor values. 

A CA3240E MOS Input op amp is used as a unity gain fol¬ 
lower. Otherwise, the ImO or lOmO shunting impedance of 
the scope would load the high impedance circuitry associ¬ 
ated with the MOSFET gate. 

Testing Conditions 

A pulse generator is set for 50ps on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The ± clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi¬ 
mum rated voltage divided by the maximum rated current. 

With a low value of drain supply voltage, observe the gate 
voltage while adjusting Iabc- A convenient set of conditions 
occurs when a short dwell time of several ps exists at the 
+10V level. Minor adjustments may be desired for Iabc 
the drain supply voltage is increased to maximum rated 
value. The L^FETs would be tested at +5V gate clamp. 

Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOSFETs have similar waveforms. 
Figure 10(a) is the 3V signal to the CA3280. Figure 10(b) is 
the power MOSFET gate current. In this example, the ampli¬ 
tude is ±1mA with a third state of 0mA. Figure 10(c) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(d) is a piece wise linear 
approximation of Figure 10(c). The datum line is zero volts 
and applies to both waveforms. The time scale of the wave¬ 
forms of Figure 10 is lOOps full scale. 

There are some features of the gate and drain voltage wave¬ 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 

1 , The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex¬ 
ceptions are discussed in the following. 
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2 . The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 

3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt¬ 
age excursion. 

4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
Won). 

5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


predetermined gate current, ±\j. The abscissa Is also nor¬ 
malized to 100 (Ij/Ig) microseconds full scale, where Iq is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 




m\z\ 





FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 

WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 

Symmetrical Current Drive 

Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from ±200mA to 
±2pA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the Inverse scaling suggested 
by Figure 11. 


X td (OFF) 
Atf 
O tr 

• td (ON) 


FIGURE 10. (A) 3V SIGNAL TO THE CA3280, (B) POWER MOS- 
FET GATE CURRENT, (C) GATE AND DRAIN 
VOLTAGE, (D) PIECE WISE LINEAR APPROXIMA¬ 
TION OF 10(C) 

Application of the Switching Data 

Figure 11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the^gate voltage, while It is nor¬ 
malized to 100% of maximum-rated drain voltage for the 
drain-voltage curves. All four sets of curves are taken with a 



FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 

It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as ±2\xA. 

Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect Is not seen In Figure 12. even though the gate current 
was increased to ±200mA. 

Asymmetrical Current Drive 

The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 

1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it Into 10 equal voltage segments: for example, 
Vg = 0, 1.2, ...9,10V. 

2. Draw a vertical line through each x the full height of the fig¬ 
ure, creating 10 time segments. 

3. If the driving-pulse amplitude is 0 to 10 volts with an Inter¬ 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Iqi = (10 - 0.5)/100 = 
95mA, Ig 2 = (10 -1.5)/100 * 85mA, etc. 

4. Then scale each waveform within the pertinent time seg¬ 
ment by the proper gate current. 

5. Smooth the curves. 

6 . Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5,8.5,. 
.. 1.5, 0.5 volts. Call these segments 11,12,... 19,20. 

7. In that the pulse-generator voltage is now zero volts, cal¬ 
culate Ig as: 

Igii = (0-9.5)/100 = -95mA, Igi 2 = (0-8.5)/100 = -85mA, 
etc. 

8 . Repeat 4 and 5. L^FETs would be treated with smaller 
voltage segments. 

Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymetrical”. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 

Source-Lead Inductance 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform after 
scaling Figure 12 for the actual gate currents. Generally, this 
effect is not appreciable for gate current small relative to 
±100mA. A very loose circuit wiring arrangement with inches 
of mutually common source wire will exaggerate this effect. 

Gate Voltage Propagation Effects 

Most power MOSFET applications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 

The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage waveform applied to the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 

Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 

Figures 13(A), (B), and (C) show the increasing effect of gate 
voltage propagation. The gate waveform Is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 



The gate-voltage waveforms may be corrected by the figure 13. CURVES SHOWING THE INCREASING effect OF 
voltage across the source-lead Inductance and external GATE voltage propagation 

inductance, which may be mutually common to the input and 
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Gate>propagation effects may be reduced by the following 
design methods: 

1 . Many gate runners. 

2 . More conductive poiysilicon. 

3. Silicide rather than polysilicon gates. 

4. Less ceils (resulting in lower transconductance and higher 
Ron)* 

5. Substantially different lateral and vertical structure. 

6 . High-frequency packaging. 

None of the above methods will yield “breakthrough” devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 

1. Reduction of Rqn unit area. 

2 . Decreased yield. 

3. Added cost (beyond the cost of yield Impact). 

4. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 
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POWER MOSFET SWITCHiNG WAVEFORMS: 
A NEW INSIGHT 

Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr. 


The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the 
device characterization now practiced by Industry is inade¬ 
quate. In this Note, device waveforms are explained by con¬ 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec¬ 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi¬ 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis¬ 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 
waveforms. The nature of the “asymmetric switching times” 
is explained. 

A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a 
plot of drain voltage and gate voltage versus normalized 
time. A family of curves is presented for a constant load 
resistance with VOO varied. Gate drive during switching tran¬ 
sitions Is a constant current with voltage compliance limits of 
0 and 10 volts. Time Is normalized by the value of gate driv¬ 
ing current. The normalization shows excellent agreement 
with data over five orders of magnitude, and Is bounded on 
one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). 

Device Models 

The keystone of an understanding of power MOSFET 
switching performance is the realization that the active 
device is bimodal and must be described using a model that 
accounts for the dual nature. Buried in today’s power MOS¬ 
FET devices Is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed. Figure 1 Is a 
cross-sectional view of a typical power MOSFET, with MOS- 
FET/JFET symbols superimposed on the structure. 

Figure 2 Is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci¬ 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


Copyright © Harris Corporation 1992 
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FIGURE 1. CROSS-SECTIONAL VIEW OF MOSFET SHOWING 
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Gate Drive: Constant Voltage or 
Constant Current 

Before moving on to the study of the equivalent circuit states 
of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and best illustrates device 
behavior must be chosen, llie choice may be immediately 
narrowed to two: 

(1) An instantaneous step voltage with internal resistance R, 
Figure 5. 

(2) An instantaneous step current with infinite internal resis¬ 
tance, Figure 6 . 



FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 


vofL 




TURN ON 

v(t)«VG(1-«)-^oC 

i(t)» Vg • 

RO 

TURN OFF 
v(t)*VG«'*^0® 

RO 


I IpK » Vq/Rq 


Six States 

To completely characterize power MOSFET switching wave¬ 
forms, the six states that a device assumes. Figure 6 , must 
be addressed: 


STATE 

MOS 

JFET 

Turn-on 1 

Off 

Off 

Turn-on 2 

Active 

Active 

Turn-on 3 

Active 

Saturated* 

Turn-off 4 

Saturated 

Saturated 

Turn-off 5 

Active 

Saturated 

Turn-off 6 

Active 

Active 


*The term saturated is taken to mean a constant low-voltage 
drain-source condition. 


- 4 ’ 




V{t). g 
i(t)«lG0<t<T 


l(t)»lGT<t<2T 


FIGURE 6. STEP CURRENT FORCING FUNCTION 

Equivalent Circuit 

The lumped-parameter model of Figure 3. with the cascode- 
connected JFET, can now be reduced to the linear equiva¬ 
lent circuit of Figure 7, and the six device states investigated 
from full off to full on. 



FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 

Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 

proportional to current and inversely proportional to capaci¬ 
tance. Analytically, then, constant current is most conve¬ 
nient. It Is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 



Vqs 

- Gate Voltage 

Cos 

- Drain Source Capacitance 

Vx 

- JFET Driving Voltage 

9m 

- MOSFET Transconductance 

Vd 

- Drain Voltage 

9mj 

- JFET Transconductance 

o 

- Gate Source 
Capacitance 

Rl 

- Drain Load Resistance 

Cx 

-MOSFET Feedback 

Iq 

- Constant Current Amplitude 


I Capacitance _ | | _ 

FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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state 1: MOS Off, JFET Off 

In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, Vj, is reached. During this time, 
the gate current drive Is only charging the gate source capaci¬ 
tance. More accurately, \q is charging C|ss (C|ss = Cqs + Cqo 
Cds shorted), the capacitance designation published by the 
Industry. 

The current generators, g^VQ and gMjVx are open circuits for 
zero drain current, and Rl is presumed to be so low as to repre¬ 
sent a short circuit (generally true for practical applications). This 
is academic however since Cqs is very much larger that Ce. The 
time to reach threshold, then, is simply: 


ing time, the method described is the simplest way of determin- 
ingCx- 

On turn-off, the state time equations are equally applicable, 
but in reverse order (states 5 and 6); see the idealized wave¬ 
form of Figure 4. 

Experimental Verification 

The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive current and time. In each case the data 
slope is almost a perfect -1. 


State 2: MOS Active, JFET Active 

This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge Cx from Vdd to ground, the lateral 
MOSFET need only swing vx to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of Rl 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 

dvc/dt = gM^ib^CGs + Cx(i + gM/QMj)] 

In all but the smallest power-MOSFET devices, Cx is several 
thousand picofarads and g^/gMj is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvQ/dt switching rate because of 
the cascode-connected J FET, not because Crss (^rss = ^gd) 
is a small value, as zero-drain-current data- sheet capacitance 
values might lead one to believe. If Crss were, in actuality, small, 
long drain voltage tails would not exist. The tail response is a 
direct result of JFET saturation. In order to delineate the transi- 
tfon from state 2 to state 3, a drain voltage at which the transition 
occurs must be defined. Vqk is the knee voltage at which linear 
extrapolations of drain-voltage slopes intersect. The time dura¬ 
tion of state 2 is: 

^ = (Vdd ‘ Vqk)[Cgs + Cx(1 + 9M/9MJ)l/9MRLiG 
State 3: MOS Active, JFET Saturated 

When the JFET saturates, the gMjVx current generator becomes 
a short circuit and the equivalent circuit predicts: 

dvc/dt = qM^iic/lCGS + Cx(1 + 9 mRl)] 

This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli¬ 
fier circuits. Allowing for the fact that 1 + g^RL is approximately 
equal to g^Ri and Cx(1 + 9 mRl) is very much larger than Cgs. 
the expression for drain-voltage tail time is: 

t = (Vdk - V[){saT])CA 

State 4: MOS Saturated, JFET Saturated (Turn-Off) 

In this state, in addition to gMjVx being shorted, the g^Ve current 
generator is shorted, and Iq is occupied with charging Cx and 
Cqs. in parallel, from the peak value of Vq to Vq^sat)- "i^be time 
required for this Is: 

t = (Vg - Vg(sat)(Cgs + Cx)/Ig 

Since a value for Cgs ^sy be measured independently of switch¬ 


A New Device Characterization 

Figure 8 could not be a reasonable device data sheet presenta¬ 
tion because It does not give the designer any information on a 
typical value for Cx, nor does it convey how Vdk. 9M' 9n/9mj* snd 
VG(sat) vary with drain current. What would be of enormous 
value to the designer is a plot of VD(t), VG(t) for selected values of 
Vdd and Iq within device ratings. 

A reasonable characterization would be as follows: 

1. The x axis would be normalized in terms of gate current driva 

2. The y axis would be normalized in terms of percent maximum rated 
VD(0to100%). 

3. Rl = VQ(maxyiD(max) would define the drain load resistance. 

4. Four plots of VD(t), VG(t) at 100%, 75%, 50%, and 25% Vofmax) 
would be shown. 


RFM15N15 
Vdd -75V 
Id * 7.5A 
Ro =«Q 
Vg «iov 


DATA THEORY 


tD(OFF) + 
tR o 

tf ^ 

tD(ON) X 


1 10 100 1000 
Og) - MILXIAMPERES 

FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 

Figure 9 is such a plot for the RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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RFM15N15 
I j =1mA 
Vgs 10 VOLTS 
Rl = Vdss/>D(RMS) 



20i7^Q 40 It/Ig 60It/Ig 
TIME - microseconds 

FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE¬ 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 

Step-Voltage Gate Drive 

The majority of power MOSFET applications employ a step 
gate-voltage Input with a finite source resistance F^Often 
Rq for turn-on is not the same as Rq fo*' turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy¬ 


sis for resistive step voltage inputs, which is complex 
because the gate current Is no longer constrained to be con¬ 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to Illustrate the estimation of Rq for some practi¬ 
cal gate drive circuits.) Table I summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 

Experimental Verification 

Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari¬ 
ation of Figure 8. Using the relationships of Table I, the 
observed differences between Figs. 7 and 9 can be pin¬ 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/Rq equal¬ 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis¬ 
rupted by the use of a step voltage with source resistance 
Rq. For states 2 and 6 the time ratio is: 


TABLE 1. COMMON SWITCHING EQUATIONS 


CONSTANT CURRENT 

1 STATE 1 : MOS OFF, JFET OFF 

I CONSTANT VOLTAGE 

^ C|Ss Vj 

t = RoCiss 

•g 

[i-Vt/Gv1 


N I Ig = It 


STATE 2: ACTIVE, ACTIVE 


[Vdd “ VqK] [Cqs + Cx (1 + gw/gMj)] 
gM^Jc 


STATE 3: ACTIVE, SATURATED 


(Vqk - Vdsat)Cx 


Ig = (Vg-VtVRo 


Iq = (Vq - Vgsat)^Ro 


STATE 4: SATURATED, SATURATED 


(Cqs + Cx)(Vg - Vqsat) 


Iq = “Vc/Rq 


t = Ro(Cgs + Cx) In (VqA/qsat) 


O 
F , 

F 'g-It 


STATE 5: ACTIVE, SATURATED 


_ (VpK ~ Vdsat)Cx _ 


STATE 6: ACTIVE, ACTIVE 


[Vdd ' VpK] [Cqs + Cx (1 + gi^gMj)] 
OmRiIq 


•g = (Vq - Vgsat)/Ro 


Ig = (Vg-Vgsat)/Ro 
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Experimental Verification 

Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus I/Rq 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari¬ 
ation of Figure 8. Using the relationships of Table i, the 
observed differences between Figures 7 and 9 can be pin¬ 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current Vq/Rq equalling 
the constant Iq, tpCon), tp, tQ(off), and tp will all be longer, as 
predicted by the ratios of the gate drive currents of Table 1. 
Notice also that tp, tp switching symmetry is disrupted by the 
use of a step voltage with source resistance Rq. For states 2 
and 6 the time ratio is: 

tjURN-ON _ Vg(SAT) 

^TURN-OFF Vq - Vj 

For states 3 and 5 the time ratio Is: 

flURN-ON _ Vg(SAT) 
tjURN-OFF Vq - Vg(SAT) 

Utilization of available maximum gate drive voltage and cur¬ 
rent can be optimized for fastest power MOSFET switching 
speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 

10 I—--1 



State 2: MOS Active, JFET Active 

Iq* (10-4)/100 = 60mA 

(cun/e divisions) x It us 9 

t= —i. .—- - = 150 ns 

60 60 

State 3: MOS Active, JFET Saturated 

Iq= (10-7)/100 = 30mA 

(curve divisions) x It us 14 

t= -- = 467ns 

30 30 

State 4: MOS Saturated, JFET Saturated 

Cqs -t- Cx * (gate voltage slope)(test current) 

= (1.5x10-^s/5volts)(10mA) 

= 3000pF 

t = 100(3000 x 1 0 -^ 2 ) In [i 0/6.6] 

t= 125ns 

State 5: MOS Active, JFET Saturated 

Iq= 6.6/100 = 66mA 

(cunre divisions) x It us 8 

t= -- = 121ns 

66 66 

Figure 11 shows RFM15N15 waveforms using the condi¬ 
tions specified in the example. 

75 - 


RFM15N15 
Vdd = 75 VOLTS 
Rl=ioohms 

Vq* 10 VOLTS 
Ro = 100 OHMS 


TIME - MICROSECONDS 



10*^ 10-J 10-2 10*’ 

I/Rq 

FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 

Using the Characterization Curves, 

Figure 9 

To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions Vq = 10V, Vqq = 75V, Rq = 
100 ohms, and Rl = 10 ohms, precedes as follows: 

State 1: MOS Off, JFET Off 

This time can be estimated without recourse to the curves 

t = 100(1200 X 10*^2) In [1/(1 .4/10)] 

t= 61 ns 


FIGURE 11. STEP GATE VOLTAGE INPUT TO AN RFM15N15 


CALCULATED 

TIME 


MEASURED 

TIME 



(tc. ns) 

Om. ns) 

(V^m) 

1 

61 

60 

1.02 

2 + 3 

671 

670 

0.92 

4 

125 

137 

0.91 

5 + 6 

318 

375 

0.85 


For peak gate voltages other than 10 volts, and load resis¬ 
tances other than Vdss/Id(rms). the equations of Table 1 
may be used in conjunction with slope estimates from the 
characterization curves for Cx and Cqs + Cx(1 + OM/gMj) 
the appropriate drain-current level. 
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Characterization-Curve Limits 

The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How¬ 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
ail but a very few switching applications to be described by the 
characterization curves of Figure 9. 


RFM15N15 
tofOFF) X 

tR O 

tp ^ 

tD(ON) + 





- Drain Source Capacitance 





iA-2 | I III I I I I I I I I n I 
10 ® 10 ^ 10 * 10 ® 10 ^ 10 ® 10 ® 
GATE CURRENT (Iq) - MICROAMPERES 

FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 

Conclusions 

The viability of the proposed characterization curves using con¬ 
stant current has been demonstrated and the limits of applica¬ 
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti¬ 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual-slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 

Appendix A - Analysis for Resistive Step 
Voltage Inputs 

Step Voltage Gate Drive 

To obtain the necessary relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance Rq. Figure A-1. 


- Constant Current Amplitude 


FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 
State 1: Mos Off, JFET Off 

As before, both current generators are open circuits, reducing 
the equivalent circuit to simply charging C|ss through Rq- 

t= RoC,ssln(l/(l-VTA/G)] 

t- Vq/Rq 

State 2: Mos Active, JFET Active 

Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows IqO) and IdO) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
VG(t) and VQ(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 



FIGURE A-2. iQ(t) AND ioft) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 

Turn-On 

State 1: MOS Off, JFET Off 

IPKI = Vq/Rq 

State 2: MOS Active, JFET Active 

Ipk2 = (Vg-Vt)/Ro 

state 3: MOS Active, JFET Saturated 

•PK3 = (Vq - Vg(saT)VRo 
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Turn-Off 

State 4: MOS Saturated, JFET Saturated 
lpK4 = Vq/Rq 

State 5: MOS Active, JFET Saturated 

•PK5 = Vg(SAt/Ro 

State 6: MOS Active, JFET Active 

•PK6 = Vg(SAT/Ro 

The equivalent circuit of Figure A-1 predicts that: 

dvo/dt = -gwRiCVG - VT)e-'^’ /T1 
where T1 = RqCgs + (1 + gM/gMj)RoCx 
Note that Qm^lCVg * Vj) is usually an order of magnitude 
greater than Vqd, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
e'^^ approximates unity. The drain current of Figure A-2, and 
hence the drain voltage, does indeed exhibit a linear decrease 
with time. 

Thus, for state 2: 

t- tVpD ~ Vdk][Cgs + Cx(‘* + gM^gMj)] 

QmRl lpK2 

where lpK 2 = (Vg - Vj)/Ro 

State 3: Mos Active, JFET Saturated 

Because of the Miller effect, the gate voltage and, hence, the 
gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 

dVp _ _ QmRJg _ _ Iq 

dt Cqs + (1 + Cx 

Iq = lpK3 = (Vq ■ Vg(sat)VRo 
and t = (^DK ~ Vp[SAT])Cx 

ipK3 

state 4: Mos Saturated, JFET Saturated (Turn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging Cx in parallel with Cgs through Rq. 

t = Ro(Cgs + Cx) lnIVGA/G(SAT)] 
lpK4 = Vq/Rq 

State 5: Mos Active, JFET Saturated 
The JFET current generator Vxgmj. is operative. 

t- tVpK “ Vo[SAT])Cx 

•PK5 

lpK5 = Vg(SAT)/Ro 

state 6: Mos Active, JFET Active 

The Miller effect is now reduced by the activation of Veg^j, 

and the equivalent circuit predicts: 

t- t^DD' Vdk][Cgs + Cx(1 + gM/QMj)] 

9mRl ipAKe 

ipAK6 = Vg(SAT/Ro 


Appendix B - Estimating Rq for Some 
Typicai Gate-Drive Circuits 

Case 1: Typicai Pulse-Generator Drive, Figure B-1 

VpD 


Yqen 

n Rqen 

t“ \\A 


L ^ 

> Rqs 


FIGURE B-1. TYPICAL PULSE-GENERATOR DRIVE CIRCUIT 
Turn-On and Turn-Off 

Rq = RgenRgs/(Rgen + Rgs) 

For the typical case where Rgen = 500, and a coaxial-cable 
termination of 50 ohms, Rq = 250 and Vq = Vqen/^- 

Case 2: Voltage-Follower Gate Drive, Figure B-2 


Rl 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 
Turn-On 

Rq is approximately equal to l/g^ for Rs very much 
greater than l/g^. 

gm = transconductance of driving MOSFET transistor. 
Turn Off 

Rq = Rs 

Case 3: Common-Source Gate Drive, Figure B-3 

r 

5Rn I—Vdd 


Rd 


—I I— 
l—l OV 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 
Turn-On 

Rq = Rq (drain-to-ground capacitance of driving 
device adds to Cqs of driven MOSFET.) 

Turn Off 

Rq = Rds(oo) driving MOSFET 
Rq is very much greater than RDs(on) 
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SINGLE PULSE UNCLAMPED INDUCTIVE SWITCHING: 

A RATING SYSTEM 

Author: Harold Ronan 


Unexpected transients in electrical circuits are a fact of life. 
The most potentially damaging transients enter a circuit on 
the power source lines feeding the circuit. Power control and 
conversion circuits are vuinerable because of their close 
proximity to the incoming lines. The circuit designer must 
provide protection or face frequent field failures. Harris 
provides extensive information on transient characteristics in 
support of its line of transient voltage suppression devices 
(SSD-450). Additionally Harris offers power MOS devices 
that are avalanche failure resistant. Most semiconductor 
devices are intolerant of voltage transients in excess of their 
breakdown rating. Avalanche capable devices are designed 
to be robust. The Harris MEGAFET product line typifies the 
best in rugged power devices. To assist the designer in their 
use, Harris has devised a Rating System that is application 
specific. This application note is intended to explain and 
illustrate the use of the single pulse Undamped Inductive 
Switching Rating curves. 

Failure Mechanisms 

Early Power MOSFET devices, not designed to be rugged, 
failed when the parasitic bipolar transistor indigenous to the 
vertical DMOS process turned on. Figure 1 shows a cross 
section of a unit cell from an N-channel enhancement mode 
device. 



FIGURE 1. VDMOS STRUCTURE WITH PARASITIC BIPOLAR 
TRANSISTOR 

When a unit is in avalanche, the bipolar transistor is in a 
VcER mode, thus, it will rapidly heat. The avalanche-induced 
base-emitter voltage rises because of a positive resistive 
temperature coefficient. Simultaneously, the base emitter 


voltage at which the transistor will become fonvard biased 
decreases because of a negative Vbe temperature 
coefficient. If a forward bias condition is reached, device 
failure initiates. Blackburn’s measurements showed that this 
failure mode is a function of avalanche current and junction 
temperature and not energy related. 

Ruggedness improvement technology has advanced to such 
a level that devices fail because of a different mechanism. 
Devices have been manufactured in which the parasitic 
bipolar transistor never turns on. The failure is thermally 
induced. At the start of avalanche, any localized increase in 
temperature can initiate the formation of a current filament 
with a current-controlled negative-resistance characteristic. 
At a high current density, this can lead to the formation of a 
mesoplasma resulting in second breakdown and device 
failure. If there is heat transfer from the filament to the bulk 
material, the time to second breakdown is inversely 
proportional to the square of the current. 

The Harris MEGAFET product line typifies this type of failure 
mode. UlS capability testing of these devices show that the 
failure current versus the time in avalanche closely 
approximates a negative one-half slope when the locus of 
device destruction points is plotted on a log-log graph. 
Device failure is not Inversely proportional to current only as 
It would be In the case of constant energy. Harris supplies 
rating curves at starting junction temperatures of +25°C and 
+150°C. 



TIME IN AVALANCHE (tAv) - MILUSECONDS 


FIGURE 2. UNCLAMPED-INDUCTIVE-SWITCHING SAFE 

OPERATING-AREA CURVE (SINGLE PULSE UlS 
SOA). SEE FIGURE 3 FOR TEST CIRCUIT. 


Copyright © Harris Corporation 1993 
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CIRCUIT 

TIME IN 

AVALANCHE 

AVERAGE 


CONDITIONS 

AVALANCHE 

ENERGY 

AVALANCHE POWER 

ROW# 

mamm 

Tav 

Eas 

PAS(AVE) = (EasH’AX) 



(l7R)ln[1/ln(1 +1/K) -K] 


LI as / (VDSX(SUS)'Vdd) 


I-Ia9^DSX(SUS) 


(l-lAsVDsx(sus/R)[1"Kln(1+1/K)] [Us Vdsx(sus)] [1/ln(1+1/K)-K] 


l-Us^^( “I "VoD/V DSX(SUS)) 


Us Vdsx(sus/2 


•as Vdsx(sus/2 


Us - The peak current reached during device avalanche. 

Uv - The time duration of device avalanche. 

Vdsx(sus) - The effective (constant) device breakdown voltage during avalanche. 

L - Inductance 

R - Resistance 

Vdd - The output circuit supply voltage. 

K - (Vdsx(sus)"VddVUsR ” The ratio of the inductor plus the resistor voltage to the resistor voltage drop. 


Test Circuit Equations 

The circuit model (Figure 3) used to describe a UlS test is a 
simple lumped parameter series inductor/resistor circuit in 
which both the power supply and device avalanche voltage 
are presumed to be constant. All the equations that result 
from the mathematical analysis are listed in Table 1 by the 
Vdo R conditions commonly referenced in the JEDEC test 
method and commercial data sheets. The equations in Row 
1 are for the general case. The factor K is the ratio of the net 
voltage across the inductor and resistor to the resistor 
voltage drop. When K is large (K >30), the equations in Row 
1 reduce to those in Rows 2 and 3. This can be accom¬ 
plished mathematically by substituting the series expansion: 
ln(1 + X) = X -X^/2 + ... Only the first term is needed for t^vi 
while two terms are required for Eas Pas(ave)- ITime In 
avalanche, t^vi is the important parameter ror a rugged 
device. Reviewing the expressions for t^v in Table 1, the 
following observations can be made: 



1. Series circuit resistance reduces the device avalanche 
stress. 

2. A supply voltage approaching the device avalanche voltage 
increases tAv^ Stress increases and the allowable 
avalanche current is reduced. 

3. When the supply voltage is zero, Iav varies Inversely with 
the device avalanche voltage. 

Integrated Technology Corporation, Tempe, AZ manufactures 
test equipment that works on this principle. When a device 
avalanches, the supply voltage is disconnected and current is 
commutated through an antiparallel diode. Power MOSFETs 
tested In this manner will receive the same heating energy 
independently of varying device-to-device avalanche voltages. 

The equations of Table 1 presume that the device avalanche 
voltage is constant. In an actual test it is not. Experiments 
have been performed using devices with similar low current 
room temperature BVdss readings. Vqd. L, R, Ias and tAv 


VdSX(SUS) 



FIGURE 3. UlS TEST CIRCUIT AND WAVEFORMS 
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were carefully measured and the avalanche breakdown was 
calculated. All units yielded similar results. The effective 
avalanche voltage was in ail cases 30% larger than BVqss* 
Vdsx(SUS) js the effective voltage referenced in the JEDEC 
test method. Harris has chosen to list Vdsx(sus) fhe tAv 
equations on the rating curves for these devices as 1.3 times 
the rated low current breakdown voltage. It has been 
industry practice to refer only to Bvdss* 


The safe avalanche current for any starting Tj can be 
established from the Harris rating curves. Stoltenburg 
showed that for MegaFET devices avalanche failure was a 
linear function of starting Tj for a fixed inductor. This is also 
true for a constant Figure 4 shows the relationship for the 
RFP22N10 device, it is a simple matter then to establish the 
fAV = constant for any starting Tj. Tjs = +100°C is a 
common operating temperature for a practical application. 


Single point avalanche energy ratings at Tj = +25°C are not 
application specific nor are they useful for comparing similar 
devices offered by different manufacturers. To highlight the 
difficulty, a hypothetical example is in order. Let’s attempt to 
determine the safe single pulse avalanche current for an 
application that uses L = lOOpH and a Vqd = 30V. Typical 
industry data sheet information is as follows: 


Eas 

= 

19mJ Maximum 

Tj 


+25°C (Starting) 

BVqss 

= 

60V 

L 

= 

50pH 

Vdd 

= 

25V 

•as 

= 

21A 


Only a starting junction temperature of +25°C can be 
assessed. In lieu of a rating curve, a failure mode must be 
assumed. 



Parasitic Bipolar Turn-on 

There is no basis from which to estimate the safe avalanche 
current for the intended application. 

Constant Energy 

To use the relationship Eas = L •^as/2(1-VddA/qsx(sus)) we 
must use Vqsx(sus) = BVdss- The predicted safe Ias would 
then be equal to 13.8A. 

Thermal (I^as Uv = Constant) 

Again using Vdsx(SUS) =* BV^ss relationship tAv = L 
Us/(Vdsx(sus)“Vdd) we have tAv = 30|is for the data sheet 
condition and I^as Uv = 0.0132. For the Intended application 
then 

I^AS = 0.0132 (VDSX(SUSrVDD)L 

where L = lOOpH, Vqd = 30V and V[)sx{SUS) = BVpss 

and Ias = 15.8A 

It is a simple matter to establish the safe avalanche current 
for a Harris MegaFET supplied with rating curves. Figure 2 is 
the rating chart for the RPF22N10, a 100V BVqss device. 

For Tjs = +25®C 

•^AS W = constant = C = 0.06 and Vdsx(SUS) = -3 BVqss 
and I^AS = C (Vdsx(SUS)’Vdd)/L 
for the application Ias = 39A 

For Tjs = +150®C 

I^AS W = 0.025 

Thus at the maximum rated starting junction temperature, 
Ias = 29.2A. 


FIGURE 4. RFP22N10LasVsTjs 

Entering the Harris curves at any convenient tAvt in this case. 
0.6ms, the Ias temperature sensitivity Is found to be -3.55A/ 
+125°C or -28.4mA/°C. Therefore, Us = 10-(0.0284) (75) = 
7.87A at Uv = 0.6ms and l^stAV = 0.0372. 

Using = 0.0372 (VosxiSUsrVDD)/!- fof hypothetical 
application Us = 33.4A for a starting Tj = +100°C. 

Rail Voltage (Vpp) Transients 

Development of a single pulse UlS rating curve for a specific 
load inductance and junction temperature has been 
illustrated. This information can be used to develop the 
amplitude and duration of rail voltage transients that are 
within the device rating. Figure 5 shows an idealized rail 
voltage pulse with the resultant avalanche current waveform. 
The equations that describe the current waveform are based 
on a V = Ldi/dt relationship are: 

VsPK - Vdsx(sus) = LUs/tsPK ®Rd 
Vdsx(SUS) ' Vqd = LUs/Uv 

Calculating the junction temperature rise caused by the volt¬ 
age transient will allow the use of UlS rating curve 
information to determine a corresponding Vspk. tsPK rating 
curve for L = lOOpH, Vqq = 30V and a Tj = +100°C. Under 
the condition of no die heat loss and constant Vdsx(SUS)» the 
temperature at tsPK is: 

Tspk = Tjs + HVdsX{SUS) ^as tsPK/2 
where H Is a constant defined by 
the rating curves. 

The UlS rating curves contain two Important items of 
information. First, each curve regardless of starting Tj, 
represents the locus of points of a single allowable peak 
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junction temperature to be reached during avalanche. Sec¬ 
ond, for any fixed t^v^ the +25°C Ias and the +150°C Ias val¬ 
ues are two points on a linear las versus starting Tj 
relationship whose intercept at Ias = 0 is that peak junction 
temperature. 

Continuing the analysis, Tjp^ may be determined from the 
rating curves at a constant tAv by: 

Tjpk = (150 - 25 IAS15(/Us25y(1 ‘ Usisc/Usas) 
for the RFP22N10, Tjpk = +378°C. 

A value for H may be found from the time/temperature 
relationship during tAv 

Tj = [HVdsx(SUS)] J Kt)clt + Tspk where 

Kt) = Ias (1 * 1 /W) and 

Tj = HVqsx(sus) Us(t - t^/2tAv) + Tspk 

Stoltenburg has reported that device failure generally 
occurred between tAv/3 and tAv/2. If the delay time to second 
breakdown is proportional to (Tj/I(t))^, then a maximization 
leads to a tAv/3 result. If the delay time is proportional to 
Tj/I(t) then tAv/2 is the result. tAv/3 is used here to obtain 

Tjpk = 5H Vnsxrsus^ +Tqpk 


Setting Tspk = Tjs = +25°C and using TjpK = +378°C, Vdsx(. 
sus) = 130V and entering the +25°C rating curve for Ias and 
tAv H is found to be 1.63 x 1 0^ °C/J. 


It is now possible to calculate the allowable Ias 
corresponding to a rail voltage spike using the relationship 

Tspk'Tjs = Hvdsx(sus) Us tsPK/2 

The rating curve limits Tspk 'o +150°C. For Tjs = +100°C: 

lAS150tsPK= 472X10-® 

For each tsPK in this equation there is a circuit defined tAv = 
LIas^(Vdsx(sus) * Vdd) that should not exceed the tAv = C 150 / 
I^AS rating. This in turn defines a maximum spike induced Ias 
that should not be exceeded. This current is 

i^ASM = Ci50 (VdsX(SUS) ' Vdq)/L. 

For this example Iasm = 29.2A for tspK ^ 18.2 microseconds. 
The bounds for the relationship Vspk = LlAs/tsPK + ^qsx 
(SUS) have been defined and Vspk vs tsPK can be plotted. 
The rating curve is illustrated in Figure 6 . 

The Application Environment 

With a rating curve in hand, the Intended application 
transient environment must be assessed to determine if 
added protection is required. The expected rail transient 
voltage amplitude, duration, and frequency of occurrence 
can vary greatly. Figure 7 Illustrates measured results on AC 
power service. Several organizations such as ANSI/IEEE, 
lEC, UL, NEMA have and are developing guidelines and test 
standards to describe what a specific environment is likely to 
be on the basis of field experience. 

Reference 6 contains an overview of voltage transients and 
provides the means for selecting an appropriate Metal-Oxide 
Varistor should it be required for an application. 



FIGURE 5. IDEALIZED RAIL VOLTAGE TRANSIENT 


Vdd > 30V, L « 100 MICROHENRYS, Tjs - 4-100<>C : 



Tspk microseconds 


FIGURE 6. RFP22N10 RAIL TRANSIENT RATING 
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- SERVICE ENTRANCE OF BANK BUILDING IN BASEL, SWITZERLAND. 
• LANDIS AND GYR. PLANT, ZUG, OUTLET IN LAB. 


- FARMHOUSE SUPPUED BY OVERHEAD TRANSMISSION LINES. 

-SERVICE ENTRANCE, 16 FAMILY HOUSE, UNDERGROUND SYSTEM (HEAD STATION). 

-16 FAMILY HOUSE, UPSTAIRS UVING ROOM OUTLET. 

-U.S. COMPOSITE CURVE. 

- LANDIS AND GYR., ZUG, OUTLET IN FURNACE ROOM. 


PEAK VALUE OF VOLTAGE TRANSIENT (kV) 


FIGURE 7. FREQUENCY OF OCCURRENCE OF TRANSIENT OVERVOLTAGES IN 220V AND 120V SYSTEMS 
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A COMBINED SINGLE PULSE AND REPETITIVE 
UlS RATING SYSTEM 


Author: Wallace D. Williams 


A rating system for Undamped Inductive Switching in 
PowerMOS transistors already widely accepted and 
implemented on Harris PowerMOS transistor data sheets can 
be applied to a wide range of applications very easily and 
expanded to cover repetitive UlS pulses by the simple 
technique of superposition. This allows PowerMOS transistor 
users to determine if their application lies within the rated 
capability of a power transistor. Two examples are given of the 
analysis of UlS stress level in representative applications. 

The ability of PowerMOS transistors to withstand 
undamped inductive switching (UlS) has been recognized 
since 1985. Although Blackburn has clearly shown^ UlS 
stress level is not directly related to energy, many 
manufacturers of PowerMOS transistors persist in rating 
their devices in terms of energy capability. Since the energy 
capability varies with the operating conditions, this rating is 
valid only at the condition specified and the PowerMOS 
transistor user has no way to calculate whether the particular 
application exceeds the device rating. Ronan has defined a 
rating system^, herein after called simply the UlS Rating 
System, which allows manufacturers to specify the capability 
of their PowerMOS transistors for single pulse UlS in such a 
way that users can easily determine if their application 
exposes the device to more UlS stress than is guaranteed in 
the device data sheet. 

The Single Pulse UlS Rating System 

This UlS Rating System, requires the user to determine only 
the peak current through the PowerMOS transistor (l^s)* the 
junction temperature at the start of the UlS pulse (Tj) and 
the time the transistor remains in avalanche (t^v)* allows 
the easy determination of the conformance of any applica¬ 
tion to a specified UlS capability where the worst case condi¬ 
tions can be simulated, it is also quite feasible to calculate 
the UlS stresses for circuits not yet constructed or conditions 
not easily simulated. 

The UlS rating for a PowerMOS transistor (see Figure 1) Is 
presented as a chart with a vertical axis of (l^s) maximum 
avalanche current vs (t^v) avalanche as the 

horizontal axis. Two lines are shown, one for +25°C and one 
for the maximum junction temperature. It is fairly easy in 
most applications to determine the avalanche current and 
time in avalanche in an existing application by using a 
current probe. If the time in avalanche and avalanche current 
plotted on the UlS rating curve fall above and to the right of 
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the +25°C line, the application is beyond the UlS rating of 
the device and the user stands a risk of device failure. If the 
time and current plotted on the rating curve fall below and to 
the left of the maximum junction temperature line the appli¬ 
cation is within the UlS rating of the device. In either case no 
further analysis is needed. If the time and current plotted on 
the rating chart falls between the +25°C and the maximum 
junction temperature lines further analysis is required. 

To analyze those cases where the starting temperature and 
time in avalanche fall between the +25°C and maximum 
temperature line, first we must determine the junction 
temperature of the PowerMOS transistor at the start of the 
UlS pulse. If the UlS stress occurs after a long period in 
conduction it may be sufficient to just measure the case 
temperature of the device and calculate the temperature rise 
between the case and junction from the dissipation and 
thermal resistance of the device. Any other approach may be 
used. Once the junction temperature at the start of the pulse 
has been determined we can extrapolate between the two 
published rating curves to determine the UlS capability at 
that starting junction temperature. 

Ronan^, Stoltenburg^ and Blackburn^ have all Indicated that 
the UIS capability I^as^Uv ‘s ® simple linear function of tem¬ 
perature. Using this allows a straight line extrapolation of the 
UIS capability of the device at the calculated junction tem¬ 
perature. Then simply compare the calculated capability to 
the stress determined to determine if the device is within rat¬ 
ings. This simple approach allows users to find out if their 
application is safe for any single UIS pulse. 




STARTING Tj = +25"C| 
STARTING Tj = 150®C-| 



0.01 0.10 1.00 10 -C 

TIME IN AVALANCHE (Iav) - MILLISECONDS 

FIGURE 1. UNCLAMPED-INDUCTIVE-SWITCHING (SINGLE 
PULSE UIS) 
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Multiple or Repetitive UlS 

The handling of repetitive UlS pulses has been ignored by 
the PowerMOS transistor manufacturers except for an 
attempt by one manufacturer to rate repetitive UlS at 0.01% 
of the +25°C power rating with no further qualifications. The 
UlS rating system outlined in Ronan’s paper^ is quite appli¬ 
cable to repetitive pulses by using the technique of superpo¬ 
sition as is commonly done in evaluating repetitive SOA 
pulses. Each UlS pulse is considered a separate event and 
evaluated as if no other pulse existed, it is necessary only to 
determine l^v (avalanche current), t^v (time in avalanche) 
^nd Tj (junction temperature at the start of the pulse), just as 
in the single pulse case. Usually the last pulse in a series 
occurs at the highest junction temperature and is therefore 
the most severe stress. If the PowerMOS transistor is within 
the specified UlS rating for that pulse. It is certainly within the 
UlS ratings for previous pulses which occurred at a lower 
junction temperature. 

Usually the junction temperature variation of a PowerMOS 
transistor over a full repetitive period is very small. The 
device has a thermal capacitance and does not change 
temperature instantaneously, so usually using the average 
junction temperature for the starting temperature to evaluate 
the avalanche stress does not result in appreciable error. In 
those cases where the period is long other means must be 
used to determine the junction temperature at the start of the 
UlS pulse. 


PULSE DURATION s 250^8 Vqs s 1 OV ID s 70A 



FIGURE 2. NORMALIZED Rds{ON) vs JUNCTION TEMPERATURE 


Examples 

The two examples shown below are Intended only to 
illustrate the techniques used to calculate whether a 
PowerMOS transistor is within its UlS rating or not. Since 
UlS capability is an interactive function of other environmen¬ 
tal stresses, it is necessary to include some calculation of 
other operating conditions as part of this analysis. The 


operating conditions in both examples are calculated rather 
than measured since the determination of UlS capability 
using measured values for l^v and tAv seemed trivial and self 
explanatory. The first example is a “single” pulse stress with 
sufficient time between stresses so that there Is no 
interaction between subsequent pulses, and the second has 
a period short enough so that the temperature variation over 
a period is small. 

Example 1 



SCHEMATIC 


Solenoid Driver: Single Pulse 

Given: Vqq = 28 volts 

Rl = 2.5n 

Pulse width = Steady state “on” 

Transistor = RFP70N06 
Gate “on” drive = 10 volts 
Maximum Tj = 150°C 
"^AMBIENT = 90°C 

Calculate: L (Maximum allowable inductance) 

Oca (Required case to ambient 
thermal resistance) 

Rjotal = Rl + Rds(ON) ~ (0.014 x 1.8) See Figure 2 

Rtotal = 2.525Q 

UvALANCHE = 28/2.525 = 11.09 amps 
(Peak avalanche current) 

Using the rule of thumb that the avalanche voltage is equal 
to the rated breakdown rating multiplied by 1.3 we can write: 

Vavalanche = 60 X 1.3 = 78 volts 

UVALANCHE = ^ ••^KUv X R)/(Vav ’ Vqq) +1] 

tAVALANCHE = (1^2.525) X ln[(11.09 X 2.525)/(78 - 28) +1] 

•- = tAVALANCHE/0-‘>76 
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GATE 

VOLTAGE 


11.09 

DRAIN 

CURRENT 


+78V 

DRAIN 

VOLTAGE 






SCHEMATIC 


Switching Regulator - 100kHz 
Given: 

Frequency = 100kHz 
Duty Cycle = 50% 

Rl = 2AQ 
Vdd = 48 volts 
^ambient = 40°C 

^JUNCTION = 150°C Maximum junction temperature 
L = IpH (Leakage Inductance) 

PowerMOS transistor = RFP70N06 


GATE 

VOLTAGE 


DRAIN 

CURRENT 


+78V 

DRAIN 

VOLTAGE 




WAVEFORM 

Entering the Undamped Inductive Switching Chart (See Figure 
1) at 150°C and 11.09 amps we read an allowable tAVALANCHE 
of 1.5 milliseconds. This gives us a maximum allowable L of: 

L = (1.5E-3)/0.176 = 8.53mH 
maximum allowable inductance 

Now to calculate the required heat sink thermal resistance: 
Pd = (|2 x Rds(ON)) = (11 -09^) X 0.025 = 3.07 watts 
Qca = Fjmax - Pq X 6jc - Tambient]/Pd 
0CA = [150- (3.07 X 1.0) - 40J/3.07 

®CA = ‘•8-5 °C/W required thermal resistance, case to 
ambient 

Example 2 



WAVEFORM 

Determine: 

Is the PowerMOS transistor within UlS rating? 

What 6ca Is required? 

•avalanche = Vdd/(Rl + Rds(on)) 

•avalanche ” 48/(2.4 +(0.014 x 1.8)) See Figure 2 
•avalanche = ‘•9.79 amps 

UvALANCHE = (•-^•^) X ln[(lAv X (Rl + Rds(on)))/Vav “ Vdd) +‘•1 
tAVALANCHE = (1E-6/2.425) X ln[19.79 x 2.425/(78 - 48) +1] 
tAVALANCHE = 0.395^SeC 

Entering the Undamped Inductive Switching Curve (See 
Figure 1) at 19.79 amps, we find the device has a 
tAVALANCHE Capability at 150°C of 500psec. Obviously this 
application does not challenge the UlS capability of the 
RFP70N06. 

Now to calculate the required heat sink thermal resistance: 

^AVALANCHE = (L X Vav X Uv/^^) X (1 - (Vav ' Vdd)/(IaV X R) X 
In[(1+[IAVXR)/(VAV-VDD)] 

Eav = ((1e-6 X (60 x 1.3) x 19.79)/2.4) ln(1 + 19.97 x 2.4) 

/78 - 48) 

Eav = 614.0 pJ per avalanche 
Pavalanche = Eavalanche X f 
Pavalanche = 614.0e-6 *100e3 
Pavaunche = 61.40 watts 
PcONDUCTION = (•aV^ X RdS(ON))/2 
Pc = (1 9.792 x0.025)/2 
Pc = 4.90 watts 
Ptotal = Pav + Pc 

Ptotal = 61.40+ 4.90 
PjOTAL “ 66.30 watts 

6ca = Umax - (Ptotal x Ojc) ■ TambientJ/Ptotal 
Oca = [150 - (66.30 x 1.0) - 40J/66.30 

©CA = 0.659°C/W Obviously the heat sink is more of a 
problem than the UlS capability. 
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Application to Other Circuits 

Usually the designer of a circuit has carefully determined the 
temperature of the devices in his circuit over the entire range 
of operating conditions. Using only the junction temperature 
of the device at the start of a UiS pulse, the duration of the 
pulse and the current level of the pulse the designer can 
determine whether or not his/her application exceeds the 
UiS rating on the device. These quantities are easily mea¬ 
sured or calculated. By superposition this rating can be 
applied to multiple or repetitive pulses as illustrated in the 
two examples shown. Any circuit can be analyzed for UIS 
stress using this approach. There is no need for a separate 
repetitive UIS rating. 
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Quality and Reliability Assurance 


The ability to build and maintain the high levels of qual¬ 
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS- 
FETs are totally new, with state-of-the-art equipment and 
process techniques which deliver this needed capability 

In-Process Quality Control 

All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability Statistical limits have been estab¬ 
lished to give warning of abnormal process trends and fluc¬ 
tuations, based on this intrinsic capability These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control, 
rather than an inspection point at the end of a process. 

Control of Outgoing Product 

The quality control lot acceptance sampling of finished prod¬ 
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur¬ 
rent sampling level is 0.1% AQL for electrical parameters, 
and Is constantly being improved. However, due to tight 
parameter distributions gained through process control and 
inherent design capability, the average outgoing quality level 
(AOQ) to the customer has been in the order of 100 PPM 
( 0 . 01 %). 

Reliability Assurance 

Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop¬ 
ment, assures that the reliability level is maintained through¬ 
out the production cycle, and develops specific models to 
predict the reliability in the end-use application. In order to 
meet these objectives, a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen¬ 
tralized reliability engineering organization develops all new 
test methods and supports new product/process develop¬ 
ment. Each group is fully trained in the reliability and applied 
statistics disciplines, as well as failure analysis, and are 
responsible for using these techniques to monitor and 
improve product capability. 

The Reliability Program 

The reliability-assurance program operates at all stages of 
production, using the following four-pronged approach: 

Product Design and Development 

During early development, initial product lots are character¬ 
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned, 


multiple production runs are Initiated and samples are sub¬ 
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 

Wafer HTRB 

Harris Semiconductor has developed a totally unique In-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour +150°C bias life test to 
measure passivation integrity and surface cleanliness. 

Real Time Indicators (RTI) 

RTI’s are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures, so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability, a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 

TABLE 1. TYPICAL MOSFET RTI TESTS 


TEST 

CONDITIONS 

PACKAGE 

TYPICAL 

DURATION 

Power 

Cycling 

PD = 4.75W 
Tj^+35°C-175°C 
(approx.) 

Plastic 

10-15K 

Cycles 

Power 

Cycling 

PD = 4.75W 

Tj = +35°C-175°C 
(approx.) 

TO-3 

20 - 50K 
Cycles 

D-S Bias 

Life 

Ta = +150°C 

80% of Drain 
Source 

All 

168 Hours 

G-S Bias 

Life 

G-S = 16V 

Ta = +150°C 

All 

168 Hours 


Requallfication Program (RQP) 

Each product is requalifled every six to twelve months to the 
same matrix of tests required for the Initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli¬ 
ability design objectives. Table 2 Is typical of the data gener¬ 
ated for RQP. 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 


PACKAGE 

TEST AND CONDITIONS 

DURATION 

CUM. HOURS 
OR CYCLES 

% NON¬ 
FUNCTIONAL 

Ail 

Bias Life 

Drain-Source = 80% of rated 

Ta = +150°C 

500 Hours 

300,000 

0.33 

All 

Bias Life 

Gate-Source = 16V, T^ = +150°C 

500 Hours 

270,000 

0.00 

All 

Operating Life 

Ta = +150°C, Free Air 

500 Hours 

230,000 

0.00 

TO-31 

TO-39 

Thermal Cycling 
-65°C to +150°C 

400 Cycles 

133,600 

0.30 

TO-220 

Thermal Shock 
-65°Cto+150°C 

400 Cycles 

100,000 

0.00 

TO-31 

TO-39 

Power Cycling 

Delta Tj = +78°C 

PD = 56W (TO-3) or 2W (TO-39) 

20,000 Cycles 

5,480K 

0.73 

TO-220 

Power Cycling 

Delta Tj = +135°C, PD = 4.75W 

10,000 Cycles 

1,850K 

0.00 

TO-220 

Pressure Cooker 

24 Hours 

3,072 

0.00 


FAILURE RATE IN %/1000 HOURS AT 60% UCL 

TEST 

Ta = +125®C 

Ta = +90®C 

Ta = +75®C 

Bias Life 

0.09 

0.005 

0.001 

Operating Life 

0.07 

0.004 

0.001 


NOTE: Failure rate based on Nonfunctional performance In an operating mode, extrapolated from +150°C data using 
1 .OeV activation energy. 
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The TO-252 Problem 

When a TO-252-packaged power device fails after it has 
been assembled into a SM circuit board, the most likely con¬ 
clusion that a user might draw is that the semiconductor die 
has cracked from thermal stresses induced by their solder¬ 
ing process. However, research indicates that the die was 
likely damaged during the manufacturing process and that 
the thermal shock of soldering only exacerbates the prob¬ 
lem. There is no evidence to conclude that a user’s mounting 
or assembly methods are the root of the problem. Die crack¬ 
ing is a generic problem In the TO-252 and can affect any 
manufacturer. The smaller the semiconductor die (its physi¬ 
cal dimensions) the less likely it is to crack. 

The root cause of die cracking stems from the materials and 
physical configuration of the TO-252 and the size of the die 
put into the package. In the manu^cturing process, the die is 
attached to the header by a thin layer of solder (see figure 
2). The solder serves to reduce the thermal coefficient of 
expansion mismatch between the silicon die and the copper 
header. 



FIGURE 2 . 

The next step is to put an epoxy encapsulation over the die 
and header to form the package’s molded outer shell (Figure 
2). The shrinking of the mold epoxy compound forces the 
header to deflect, but in the opposite direction from the die 
attach process (concave on the top, convex on the bottom). 
This type of stress puts tension on the bottom of the die 
which can lead to cracking because the die is not as resis¬ 
tant to stress in this direction. Deflection of the header is 
more pronounced under epoxy curing than during die attach 
resulting in greater forces on the die. 

Slight crates in the die may result from the shrinking mold 
compound but they usually do not result in electrical failure 
of the device. It is the thermal shock of wave soldering dur¬ 
ing board assembly that forces the cracks to open wider and 
lead to eventual failure. 


The TO-252 Solution 

After identifying the primary cause of failed devices, engi¬ 
neers at Harris initiated an extensive program to redesign 
the TO-252 by changing materials and increasing the 
strength of mechanical components. This Involved experi¬ 
mentation with different components supported by a sophis¬ 
ticated computer-aided design technique called Finite 
Element Analysis (FEA). 

Initial analysis showed that the standard 20-mil thick header 
could bow by 1- to 2-miis during epoxy curing. This bowing 
puts excessive tension oh the backside of the die, making It 
more susceptible to cracking. After many experiments, it 
became clear that the amount of deflection with a 20-rnil 
header could not be compensated for with solder thickness, 
assembly methods or low-stress epoxies. Through FEA, it 
was determined that increasing the header thickness to 35- 
mils would eliminate most of the deflection. To achieve a 35- 
mil thickness without retooling all the mount and mold equip¬ 
ment, it was decided to use a pedestal of 35-mils under the 
die. 

FEA is an extremely valuable tool that permits the modeling 
of a device’s critical package elements, materials, headers, 
overcoat material, oxides and others. It provides solutions for 
reducing Stress at dissimilar material junctions, thus minimiz¬ 
ing device failure. The real benefit of FEA is its ability to sim¬ 
ulate complex packaging relationships In a fast and accurate 
way. The stress models produced by FEA can be generated 
faster and ait lower cost than by actually constructing and 
modifying physical models. FEA models point the way to the 
most favorable solutions which can then be implemented 
with actual materials. 

FEA also came into play to help determine the best epoxy 
cornpouhd to use. The epoxy is probably the most critical 
element in the problem of cracked die because its curing 
generates the forces that cause the header to bow. And the 
bowing of the header produces the tension that cracks the 
die. To solve the problem/ engineers selected an improved 
epoxy which balances stress vs. power cycling re|labHity. 
They then tested the new compound with the largest die that 
fit in the TO-252 to ensure that no cracking occurred. 

At this point, the critical elements for solving the problem had 
fallen Into place: increase the header thickness to 35 ntlls, 
go to an improved epoxy to reduce tension on the die and 
improve the process control over the thickness of the solder 
between the die and header. One other change in the manu¬ 
facturing process was made to prevent any unnecessary 
shock to the die when the completed package is separated 
from the strip that holds a whole run of devices together. The 
conventional way to separate devices is called frame shear, 
a mechanical method that shears the strip away and can 
transfer forces from the package’s heatsink to the die, possi¬ 
bly leading to cracking. In place of frame shear, Harris 
employs a less stressful method of device separation. In this 
tedhnique, a shallow groove (10 mils deep) is cut into the 
heatsink portion of the package to reduce the force on the 
header and die when separating the package from the strip. 
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After hundreds of thousands of devices were fabricated with 
the new process, Harris engineers pulled tens of thousands 
off the line and subjected them to a grueling reliability test. 
The test is called solder shock and requires that the devices 
be fully immersed in a liquid solder bath at a temperature of 
260°C for 10 seconds. Solder shock closely simulates the 
conditions that the package is subjected to when a user 
wave solders the part into a SM circuit board. The thermal 
shock of the solder bath is intended to increase the stress on 
the header and cause sufficient movement to make any 
existing crack wider detectable via electrical testing. 


Harris has run solder shock tests on over 24,000 TO-252- 
packaged devices during the past year and no device has 
ever failed. Over 15,000 devices were chemically decapsu- 
lated and correlated to solder shock results. No die cracks 
were ever found when examined under high-power magnifi¬ 
cation. In addition, the company has sold more than 4.7 mil¬ 
lion devices without having any reports or returns due to a 
cracked die. This record of reliability is unmatched by any 
other manufacturer of TO-252-packaged power semiconduc¬ 
tors and should give users confidence that the company 
offers the manufacturing and engineering capabilities to pro¬ 
duce the highest quality products for today’s complex elec¬ 
tronic systems. 
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Package Outlines 


Hermetic Steel Packages 



SEATING R. 

PLANE 


0P 

^ TERM. 3 


-*-1 L 


’—\®/ 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-204AA outline dated 11-82. 

2. Lead dimension (without solder). 

3. Add typically 0.002 Inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bot¬ 
tom of seating plane. 

5. Controlling dimension: Inch. 

6. Revision 2 dated 6-93. 


TO-204AA 

JEDEC TO-204AA HERMETIC STEEL PACKAGE 


SYMBOL 

A 

0b 

0bt 

0D 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.310 

0.330 

7.88 

8.38 

0.060 

0.065 

1.53 

1.65 

0.038 

0.042 

0.97 

1.06 

0.138 

0.145 

3.51 

3.68 

- 

0.800 

- 

20.32 


0.215 TYP 
0.430 BSC 
0.430 ~ 

0.155 016 


5.46 TYP 
10.92 BSC 
10.93 ^ 

3.94 Jiol 


R 

0.495 

0.525 

12.58 

13.33 

- 

Ri 

0.131 

0.185 

3.33 

4.69 

- 

s 

0.655 

0.675 

16.64 

17.14 

- 
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Package Outlines 


Hermetic Steel Packages (Continued) 



NOTES: 

1. These dimensions are within allowable dimensions of Rev, B of 
JEDEC TO-204AE outline dated 11-82. 

2. Lead dimension (without solder). 

3. Add typically 0.002 Inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bot¬ 
tom of seating plane. 

5. Controlling dimension: Inch. 

6. Revision 2 dated 6-93. 


TO-204AE 


JEDEC TO-204AE HERMETIC STEEL PACKAGE 


SYMBOL 

INCHES 

MILLIMETERS 

NOTES 

MIN 

MAX 

MIN 

MAX 

A 

0.310 

0.330 

7.88 

8.38 

- 


0.060 

0.065 

1.53 

1.65 

- 

0b 

0.057 

0.063 

1.45 

1.60 

2,3 

0bi 

0.138 

0.145 

3.51 

3.68 

- 

0D 

- 

0.800 

- 

20.32 

- 

e 

0.215 TYP 

5.46 TYP 

4 

©1 

0.430 BSC 

10.92 BSC 

4 

L 

0.440 

0.480 

11.18 

12.19 

- 

0P 

0.155 

0.160 

3.94 

4.06 

- 

q 

1.187 BSC 

30.15 BSC 

■ 

R 

0.495 

0.525 

12.58 

13.33 

- 

Ri 

0.131 

0.185 

3.33 

4.69 

- 

s 

0.655 

0.675 

16.64 

17.14 

- 






Package Outlines 


Metal Can Packages 

P 0D-»-| 

I I 

tW 


SEATING 

PLANE 


Jtt 




TO-205AB 

3 LEAD JEDEC TO-205AB HERMETIC METAL CAN PACKAGE 


NOTES: 

1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AB outline dated 11-82. 

2. Lead dimension (without solder). 

3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of seating plane. 

5. This zone controlled for automatic handling. The variation In 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 

6. Controlling dimension: Inch. 

7. Revision 1 dated 6-93. 



INCHES 

MILLIMETERS 


SYMBOL 

MIN 

MAX 

MIN 

MAX 

NOTES 

A 

0.240 

0.260 

6.10 

6.60 

- 

0b 

0.016 

0.021 

0.41 

0.53 

2,3 

0D 

0.350 

0.370 

8.89 

9.39 

- 

0D, 

0.315 

0.335 

8.01 

8.50 

- 

e 

0.095 

0.105 

2.42 

2.66 

4 

ei 

0.190 

0.210 

4.83 

5.33 

4 

eg 

0.095 

0.105 

2.42 

2.66 

4 

h 

0.010 

0.020 

0.26 

0.50 

- 

J 

0.028 

0.034 

0.72 

0.86 

- 

k 

0.029 

0.045 

0.74 

1.14 

- 

L 

0.500 

0.560 

12.70 

14.22 

3 

P 

0.100 

- 

2.54 

- 

5 
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Package Outlines 


Metal Can Packages (Continued) 



NOTES: 

1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-205AF outline dated 11-82. 

2. Lead dimension (without solder). 

3. Solder coating may vary along lead length, add typically 0.002 
inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of seating plane. 

5. This zone controlled for automatic handling. The variation In 
actual diameter within this zone shall not exceed 0.010 inches 
(0.254mm). 

6. Controlling dimension: Inch. 

7. Revision 2 dated 6-93. 





Package Outlines 


Plastic Packages 



- E-^ 


4 PIN DIP 

4 PIN DUAL-IN-LINE PLASTIC PACKAGE 




INCHES 


MAX 


MILLIMETERS 


1. Lead dimension (without solder). 

2. Add typically 0.0006 Inches (0.015mm) for solder coating. 

3. Position of lead to be measured 0.100 inches (2.54mm) from bot¬ 
tom of dimension D. 

4. Controlling dimension: Inch. 

5. Revision 1 dated 1-93. 


0.100 BSC 


0.300 


0.038 


0.266 


0.126 


0 ° 


2.54 BSC 


7.62 
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Package Outlines 


Plastic Packages (Continued) 



PI 


NOTES: 

1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC MO-093AA outline dated 2-90. 

2. Tab outline optional within boundaries of dimensions E and Q. 

3. Lead dimension and finish uncontrolled in L^. 

4. Lead dimension (without solder). 

5. Add typically 0.002 inches (0.05mm) for solder coating. 

6. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 

7. Position of lead to be measured 0.250 inches (6.35mm) from bot¬ 
tom of dimension D. 

8. Position of lead to be measured 0.100 inches (2.54mm) from bot¬ 
tom of dimension D. 

9. Controlling dimension: Inch. 

10. Revision 1 dated 1-93. 


MO-093AA 

5 LEAD JEDEC MO-093AA PLASTIC PACKAGE 


SYMBOL 

A 

b 

b, 

c 

5 

E 


INCHES 1 

1 MILLIMETERS | 


MIN 

MAX 

MIN 

MAX 

NOTES 

0.185 

0.195 

4.70 

4.95 

- 

0.058 

0.062 

1.48 

1.57 

- 

0.049 

0.053 

1.25 

1.34 

3. 4,5 

0.070 

0.080 

1.78 

2.03 

3,4 

0.018 

0.022 

0.46 

0.55 

3, 4,5 

0.800 

0.820 

20.32 

20.82 

- 

0.615 

0.625 

15.63 

15.87 

2 


0.110TYP 
0.438 BSC 


2.80 TYP 
11.12 BSC 


- 

0.330 

- 

8.38 

0.115 

0.125 

2.93 

3.17 

0.575 

0.600 

14.61 

15.24 

- 

0.130 

- 

3.30 

0.159 

0.163 

4.04 

4.14 

0.176 

0.186 

4.48 

4.72 
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Package Outlines 


Plastic Packages (Continued) 


7 ? 

?\ 

/ L 

r ^ 

] 

c 


.0P H 


TO-218AC 

3 LEAD JEDEC TO-218AC PLASTIC PACKAGE 


NOTES: 

1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-218AC outline dated 6-86. 

2. Tab outline optional within boundaries of dimensions E and Q. 

3. Lead dimension and finish uncontrolled in L^. 

4. Lead dimension (without solder). 

5. Add typically 0.002 inches (0.05mm) for solder coating. 

6. Maximum radius of 0.050 inches (1.27mm) on all body edges and 


INCHES 1 

1 MILLIMETERS | 


MIN 

MAX 

MIN 

MAX 

NOTES 

0.185 

0.195 

4.70 

4.95 

- 

0.058 

0.062 

1.48 

1.57 

- 

0.049 

0.053 

1.25 

1.34 

3, 4,5 

0.070 

0.080 

1.78 

2.03 

3,4 

0.018 

0.022 

0.46 

0.55 

3, 4,5 

0.800 

0.820 

20.32 

20.82 

- 

0.615 

0.625 

15.63 

15.87 

2 


0.219 TYP 
0.438 BSC 


5.56 TYP 
11.12 BSC 


* 

0.330 

- 

8.38 

0.115 

0.125 

2.93 

3.17 

0.575 

0.600 

14.61 

15.24 

- 

0.130 

- 

3.30 

0.159 

0.163 

4.04 

4.14 

0.176 

0.186 

4.48 

4.72 


7. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

8. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

9. Controlling dimension: Inch. 

10. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 



NOTES: 

1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AB outline dated 3-24-87. 

2. Lead dimension and finish uncontrolled in L^. 

3. Lead dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bot¬ 
tom of dimension D. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bot¬ 
tom of dimension D. 

7. Controlling dimension: Inch. 

8. Revision 1 dated 1-93. 


TO-220AB 


3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 






Package Outlines 


Plastic Packages (continued) 



e, ♦ 


^ pA, 



NOTES: 

1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TS-001AA outline dated 8-89. 

2. Lead finish uncontrolled in zone M. 

3. Lead dimension (without solder). 

4. Add typically 0.002 Inches (0.05mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

7. Controlling dimension; Inch. 

8. Revision 3 dated 12-93. 


TS-001 AA 

5 LEAD JEDEC TS-001 AA PLASTIC PACKAGE 


SYMBOL 

A 

Ai 

b 

c 

D 

Di 

E 

El 

e 

ei 

Hi 

Ji 

L 

M 

0P 

Q 


INCHES 1 

1 MILLIMETERS 

MIN 

MAX 

MIN 

MAX 

0.170 

0.180 

4.32 

4.57 

0.048 

0.052 

1.22 

1.32 

0.030 

0.034 

0.77 

0.86 

0.014 

0.019 

0.36 

0.48 

0.590 

0.610 

14.99 

15.49 

- 

0.160 

- 

4.06 

0.395 

0.410 

10.04 

10.41 

. 

0.030 

- 

0.76 


0.067 TYP 
0.268 BSC 


1.70 TYP 
6.80 BSC 


0.235 

0.255 

5.97 

6.47 

0.100 

0.110 

2.54 

2.79 

0.530 

0.550 

13.47 

13.97 

0.130 

0.150 

3.31 

3.81 

0.149 

0.153 

3.79 

3.88 

0.102 

0.112 

2.60 

2.84 
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Package Outlines 


Plastic Packages (Continued) 

r —1 ir 



TO-247 

3 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


NOTES: 

1. Lead dimension and finish uncontroiied in L^. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 Inches (6.35mm) from bottom 
of dimension D. 

5. Position of lead to be measured 0.100 Inches (2.54mm) from bottom 
of dimension D. 

6. Controlling dimension: Inch. 

7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 



1. Lead dimension and finish uncontrolled In L^. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 

4. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 

6. Controlling dimension: Inch. 

7. Revision 1 dated 1-93. 


TO-247 

5 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


SYMBOL 

A 

b 

bi 

ba 

c 

5 

_ 

e 

©1 


INCHES 1 

1 MILLIMETERS | 


MIN 

MAX 

MIN 

MAX 

NOTES 

0.180 

0.190 

4.58 

4.82 

- 

0.046 

0.051 

1.17 

1.29 

2,3 

0.060 

0.070 

1.53 

1.77 

1,2 

0.095 

0.105 

2.42 

2.66 

1,2 

0.020 

0.026 

0.51 

0.66 

1,2,3 

0.800 

0.820 

20.32 

20.82 

- 

0.605 

0.625 

15.37 

15.87 

- 


0.110TYP 
0.438 BSC 


2.79 TYP 
11.12 BSC 



0.090 

0.105 

2.29 

2.66 

L 

0.620 

0.640 

15.75 

16.25 

Li 

0.145 

0.155 

3.69 

3.93 

0P 

0.138 

0.144 

3.51 

3.65 

Q 

0.210 

0.220 

5.34 

5.58 

0R 

0.195 

0.205 

4.96 

5.20 

0S 

0.260 

0.270 

6.61 

6.85 
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Package Outlines 


Plastic Packages (Continued) 





SEATING 

PLANE 


TO-251AA 

3 LEAD JEDEC TO-251AA PLASTIC PACKAGE 


NOTES: 

1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251 AA outline dated 9-88. 

2. Solder finish uncontrolled. 

3. Dimension (without solder). 

4. Add typically 0.0006 inches (0.015mm) for solder coating. 

5. Position of lead to be measured 0.250 inches (6.35mm) from bot¬ 
tom of dimension D. 

6. Position of lead to be measured 0.100 Inches (2.54mm) from bot¬ 
tom of dimension D. 

7. Controlling dimension: Inch. 

8. Revision 1 dated 1-93. 


SYMBOL 

A 

Ai 

b 

b, 

b2 

c 

D 

i 

e 

ei 

Hi 

L 


0.090 TYP 
0.180 BSC 


MILLIMETERS 


MIN 

MAX 

MIN 

MAX 

NOTES 

0.086 

0.094 

2.19 

2.38 

- 

0.018 

0.022 

0.46 

0.55 

3,4 

0.028 

0.032 

0.72 

0.81 

3,4 

0.033 

0.040 

0.84 

1.01 

3 

0.205 

0.215 

5.21 

5.46 

3,4 

0.018 

0.022 

0.46 

0.55 

3,4 

0.270 

0.290 

6.86 

7.36 

- 

0.250 

0.265 

6.35 

6.73 

- 


2.28 TYP 
4.57 BSC 


0.035 

0.045 

0.89 

1.14 

0.040 

0.045 

1.02 

1.14 

0.355 

0.375 

9.02 

9.52 

0.075 

0.090 

1.91 

2.28 
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Package Outlines 


Plastic Packages (Continued) 




fril x:, 



SEATING 

PLANE 




.265_^ 

6.7) ^ 



I I I 0.118(3.0) 


0.063(1.6) J LU L 0.063 (1.6) 


TO-252AA 

2 LEAD JEDEC TO-252AA PLASTIC I 


SYMBOL 

A 

b 

bi 

ba 

bs 

c 

D 

E 

e 

6 l 

Hi 

Ji 

L 

Li 

La 

La 

La 


INCHES I 

1 MILLIMETERS | 


MIN 

MAX 

MIN 

MAX 

NOTES 

0.086 

0.094 

2.19 

2.38 

- 

0.018 

0.022 

0.46 

0.55 

4,5 

0.028 

0.032 

0.72 

0.81 

4,5 

0.033 

0.040 

0.84 

1.01 

4 

0.205 

0.215 

5.21 

5.46 

4,5 

0.190 

- 

4.83 

- 

2 

0.018 

0.022 

0.46 

0.55 

4,5 

0.270 

0.290 

6.86 

7.36 

- 

0.250 

0.265 

6.35 

6.73 

- 


0.090 TYP 
0.180 BSC 


2.28 TYP 
4.57 BSC 


0.035 

0.045 

0.89 

1.14 

0.040 

0.045 

1.02 

1.14 

0.100 

0.115 

2.54 

2.92 

0.075 

0.090 

1.91 

2.28 

0.025 

0.040 

0.64 

1.01 

0.020 

- 

0.51 

- 

0.170 

- 

4.32 

- 


MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


NOTES: 

1. These dimensions are within allowable dimensions of Rev. B of 
JEDEC TO-252AA outline dated 9-88. 

2 . L 4 and dimensions establish a minimum mounting surface for 
terminal 4. 

3. Solder finish uncontrolled. 

4. Dimension (without solder). 

5. Add typically 0.0006 inches (0.015mm) for solder coating. 

6 . L 3 is the terminal length for soldering. 

7. Position of lead to be measured 0.090 inches (2.28mm) from bottom 
of dimension D. 

8 . Controlling dimension: Inch. 

9. Revision 2 dated 6-93. 
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POWER MOSFETs 14 


HOW TO USE HARRIS AnswerFAX 
What is AnswerFAX? 

AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the iatest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 

Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 

• • • 

How does it work? 

You call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You’ll have the information you need in minutes. The chart on the next page shows you how. 

• • • 

How do I find out the order number for the publications I want? 

The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are seven cataiogs: 

• New Products • Digital Signal Processing (DSP) Products • Appiication Notes 

• Linear/Telecom Products • Discrete & Intelligent Power Products 

• Data Acquisition Products • Microprocessor Products 

Once they’re faxed to you, you can cail back and order the publications themseives by number. 

• • • 



Please refer to next page for a map to AnswerFAX. 
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Harris AnswerFAX Data Book Request Form 


DATA BOOKS AVAILABLE NOWl 


PUBLICATION 

NUMBER 


DATA BOOK/DESCRIPTION 


PSG201S 

PRODUCT SELECTION GUIDE (1992: 320pp) Key product information on ail Harris Semiconductor de¬ 
vices. Sectioned (Analog. Data Acquisition. Digital. Application Specific. Power. Hi-Rel & Rad-Hard. 
ASIC) for easy use and includes cross references and alphanumeric part number index. 

DB500B 

LINEAR AND TELECOM ICs (1993: 1.312pp) Product specifications for: op amps, comparators. S/H 
amps, differential amps, arrays, special analog circuits, telecom ICs. and power processing circuits. 

DB301B 

DATA ACQUISITION (1994: 1.104pp) Product specifications on A/D converters (display, integrating, 
successive approximation, flash); D/A converters, switches, multiplexers, and other products. 

DB302A 

DIGITAL SIGNAL PROCESSING (1993: 380pp) This new edition includes specifications on one- and 
two-dimensional filters, signal synthesizers, multipliers, special function devices (such as address se¬ 
quencers, binary correlators, histogrammer). Includes sections on development tools, application notes 
and Quality/Reliability. 

DB304 

INTELLIGENT POWER ICs (1992: 512pp) Product specifications for low- and high-side switches, half 
bridges, AC-DC converters, full bridges, regulators & power supplies, protection circuits, and special func¬ 
tion ICs. Includes application notes and Quality/Reliability sections. 

DB450C 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1994:400pp) Product specifications of Harris varis¬ 
tors and surgectors. Also, general informational chapters such as: “Voltage Transients - An Overview,” 
“Transient Suppression - Devices and Principles,” “Suppression - Automotive Transients.” 

DB223.2 

POWER MOSFETs (1992:1,504pp) Product specifications on MOSFETs (N- and P-channel, logic level, 
military and radiation-hardened); IGBTs; Intelligent discretes; power drivers and switches; and ultra-fast 
rectifiers. Includes industry replacement guide and application notes. 

DB220.1 

BIPOLAR POWER TRANSISTORS (1992:592pp) Technical information on over 750 power transistors 
for use in a wide range of consumer, industrial and military applications. Indexing and packaging included. 

DB303 

MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product 
specifications on CMOS microprocessors, peripherals, data communications, and memory ICs. Includes 
application notes and Quaiity/Reliability chapters. 

DB309 

MCT/IGBT/DIODES (1994: 528pp) This databook fully describes Harris Semiconductor’s line of MOS 
Controlled Thyristors, Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It In¬ 
cludes a complete set of datasheets for product specifications, application notes with design details for 
specific applications of Harris products, and a description of the Harris Quality and Reliability program. 

Analog Military 

ANALOG MILITARY (1989:1.264pp) This databook describes Harris' military line of Linear, Data Acqui¬ 
sition, and Telecommunications circuits. 

Digital Military 

DIGITAL MILITARY (1989: 680pp) Harris CMOS digital ICs - microprocessors, peripherals, data com¬ 
munications and memory -- are included in this databook. 


COMPANY:. 


MAIL STOP: 


PHONE:, 


ADDRESS:. 


DATA BOOK REQUESTED: 


FAX FORM TO: HARRIS FULFILLMENT 
FAX #: 610-265-2520 
ATTN: LAURIE MALANTONIO 
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AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER 

DESCRIPTION 

27007 

BR007 

Complete Listing of Harris Sales Offic¬ 
es, Representatives and Authorized 
Distributors World Wide (7 pages) 

HARRIS SEMICONDUCTOR APPLICATION NOTES 

9001 

AN001 

Glossary of Data Conversion Terms 
(6 pages) 

9002 

AN002 

Principles of Data Acquisition and 
Conversion (20 pages) 

9004 

AN004 

The IH5009 Analog Switch Series 
(9 pages) 

9007 

AN007 

Using the 8048/8049 Log/Antilog 
Amplifier (6 pages) 

9009 

AN009 

Pick Sample-Holds by Accuracy and 
Speed and Keep Hold Capacitors In 

Mind (7 pages) 

9012 

AN012 

Switching Signals with Semiconductors 
(4 pages) 

9013 

AN013 

Everything You Always Wanted to 

Know About the ICL8038 (4 pages) 

9016 

AN016 

Selecting A/D Converters (7 pages) 

9017 

AN017 

The Integrating A/D Converter 
(5 pages) 

9018 

AN018 

Do’s and Don'ts of Applying A/D 
Converters (4 pages) 

9020 

AN020 

A Cookbook Approach to High Speed 
Data Acquisition and Microprocessor 
Interfacing (23 pages) 

9023 

AN023 

Low Cost Digital Panel Meter Designs 
(5 pages) 

9027 

AN027 

Power Supply Design Using the 

ICL8211 and 8212(8 pages) 

9028 

AN028 

Build an Auto-Ranging DMM with the 
ICL7103A/8052A A/D Converter Pair 
(6 pages) 

9030 

AN030 

ICL7104: A Binary Output A/D Convert¬ 
er for Microprocessors (16 pages) 

9032 

AN032 

Understanding the Auto-Zero and 
Common Mode Performance of the 
ICL7106/7107/7109 Family (8 pages) 

9040 

AN040 

Using the ICL8013 Four Quadrant 
Analog Multiplier (6 pages) 

9042 

AN042 

Interpretation of Data Converter 
Accuracy Specifications (11 pages) 

9043 

AN043 

Video Analog-to-Digital Conversion 
(6 pages) 

9046 

AN046 

Building a Battery Operated Auto Rang¬ 
ing DVM with the ICL7106 (5 pages) 

9047 

AN047 

Games People Play with Intersil’s A/D 
Converter’s (27 pages) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER 

DESCRIPTION 

9048 

AN048 

Know Your Converter Codes (S pages) 

9049 

AN049 

Applying the 7109 A/D Converter 
(S pages) 

9051 

AN051 

Principles and Applications of the 
ICL7660 CMOS Voltage Converter 
(9 pages) 

9052 

AN052 

Tips for Using Single Chip 3.S Digit A/D 
Converters (9 pages) 

9053 

AN053 

The ICL76S0 A New Era in Glitch-Free 
Chopper Stabilized Amplifiers 
(19 pages) 

9054 

AN054 

Display Driver Family Combines Con¬ 
venience of Use with Microprocessor 
Interfaceabllity (18 pages) 

9059 

AN059 

Digital Panel Meter Experiments for the 
Hobbyist (7 pages) 

9108 

AN 108 

82CS2 Programmable UART 
(12 pages) 

9109 

AN 109 

82C59A Priority Interrupt Controller 
(14 pages) 

9111 

AN111 

Harris 80C286 Performance 

Advantages Over the 80386 (12 pages) 

9112 

AN112 

80C286/80386 Hardware Comparison 
(4 pages) 

9113 

AN113 

Some Applications of Digital Signal Pro¬ 
cessing Techniques to Digital Video 
(5 pages) 

9114 

AN114 

Real-Time Two-Dimensional Spatial 
Filtering with the Harris Digital Filter 
Family (43 pages) 

9115 

AN115 

Digital Filter (DF) Family Overview 
(6 pages) 

9116 

AN116 

Extended DF Configurations (10 pages) 

9120 

AN 120 

Interfacing the 80C286-16 With the 
80287-10 (2 pages) 

9121 

AN121 

Harris 80C286 Performance Advantag¬ 
es Over the 80386SX (14 pages) 

9400 

AN400 

Using the HS-3282 ARINC Bus 

Interface Circuit (6 pages) 

9509 

AN509 

A Simple Comparator Using the 

HA-2620 (1 page) 

9514 

AN514 

The HA-2400 PRAM Four Channel 
Operational Amplifier (7 pages) 

9515 

AN515 

Operational Amplifier Stability: Input 
Capacitance Considerations (2 pages) 

9517 

ANSI 7 

Applications of Monolithic Sample and 
Hold Amplifier (5 pages) 

9519 

ANSI 9 

Operational Amplifier Noise Prediction 
(4 pages) 
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AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER 

DESCRIPTION 

9520 

AN520 

CMOS Analog Miltiplexers and Switch¬ 
es; Applications Considerations 
(9 pages) 

9521 

AN521 

Getting the Most Out of CMOS Devices 
for Analog Switching Jobs (7 pages) 

9522 

AN522 

Digital to Analog Converter 

Terminology (3 pages) 

9524 

AN524 

Digital to Analog Converter High Speed 
ADC Applications (3 pages) 

9525 

AN525 

HA-5190/5195 Fast Settling Operation¬ 
al Amplifier (4 pages) 

9526 

AN526 

Video Applications for the HA-5190/ 
5195 (5 pages) 

9531 

AN531 

Analog Switch Applications in A/D Data 
Conversion Systems (4 pages) 

9532 

AN532 

Common Questions Concerning CMOS 
Analog Switches (4 pages) 

9534 

AN534 

Additional Information on the HI-300 
Series Switch (5 pages) 

9535 

AN535 

Design Considerations for A Data 
Acquisition System (DAS) (7 pages) 

9538 

AN538 

Monolithic Sample/Hold Combines 
Speed and Precision (6 pages) 

9539 

AN539 

A Monolithic 16-Bit D/A Converter 
(5 pages) 

9540 

AN540 

HA-5170 Precision Low Noise JFET 
Input Operation Amplifier (4 pages) 

9541 

AN541 

Using HA-2539 or HA-2540 Very High 
Slew Rate, Wideband Operational 
Amplifier (4 pages) 

9543 

AN543 

New High Speed Switch Offers 
Sub-50ns Switching Times (7 pages) 

9544 

AN544 

Micropower Op Amp Family (6 pages) 

9546 

AN546 

A Method of Calculating HA-2625 Gain 
Bandwidth Product vs. Temperature 
(4 pages) 

9548 

AN548 

A Designers Guide for the HA-5033 
Video Buffer (12 pages) 

9549 

AN549 

The HC-550X Telephone Subscriber 
Line Interface Circuits (SLIC) 

(19 pages) 

9550 

AN550 

Using the HA-2541 (6 pages) 

9551 

AN551 

Recommended Test Procedures for 
Operational Amplifiers (6 pages) 

9552 

AN552 

Using the HA-2542 (5 pages) 

9553 

AN553 

HA-5147/37/27, Ultra Low Noise 
Amplifiers (8 pages) 

9554 

AN554 

Low Noise Family 

HA-5101/02/04/11/12/14 (7 pages) 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER 

DESCRIPTION 

9556 

AN556 

Thermal Safe-Operating-Areas for High 
Current Op Amps (5 pages) 

9557 

AN557 

Recommended Test Procedures for An¬ 
alog Switches (6 pages) 

9558 

AN558 

Using the HV-1205 AC to DC Converter 
(2 pages) 

9559 

AN559 

HI-222 VIdeo/HF Switch Optimizes Key 
Parameters (7 pages) 

9571 

AN571 

Using Ring Sync with HC-5502A and 
HC-5504 SLICs (2 pages) 

9573 

AN573 

The HC-5560 Digital Line Transcoder 
(6 pages) 

9574 

AN574 

Understanding PCM Coding (3 pages) 

9576 

AN576 

HC-5512 PCM Filter Cleans Up CVSD 
Codec Signals (2 pages) 

9607 

AN607 

Delta Modulation for Voice 

Transmission (5 pages) 

95290 

AN5290 

Integrated Circuit Operational 

Amplifiers (20 pages) 

96048 

AN6048 

Some Applications of A Programmable 
Power Switch/Amp (12 pages) 

96077 

AN6077 

An 1C Operational-Transconductance- 
Amplifier (OTA) With Power Capability 
(12 pages) 

96157 

AN6157 

Applications of the CA3085 Series 
Monolithic 1C Voltage Regulators 
(11 pages) 

96182 

ANSI 82 

Features and Applications of Integrated 
Circuit Zero-Voltage Switches 
(CA3058, CA3059 and CA3079) 

(31 pages) 

96386 

AN6386 

Understanding and Using the CA3130, 
CA3130A and CA3130B30A/30B 

BIMOS Operation Amplifiers (5 pages) 

96459 

AN6459 

Why Use the CMOS Operational 
Amplifiers and How to Use it (4 pages) 

96565 

AN6565 

Design of Clock Generators For Use 
With COSMAC Microprocessor 
CDP1802 (3 pages) 

96669 

AN6669 

FET-Bipolar Monolithic Op Amps Mate 
Directly to Sensitive Sources (3 pages) 

96915 

AN6915 

Application of CA1524 Series 
Pulse-Width Modulator ICs (18 pages) 

96970 

AN6970 

Understanding and Using the CDP1855 
Multiply/Divide Unit (11 pages) 

97063 

AN7063 

Understanding the CDP1851 
Programmable I/O (7 pages) 

97174 

AN7174 

The CA1524E Pulse-Width Modulator- 
Driver for an Electronic Scale (2 pages) 
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97244 

AN7244 Understanding Power MOSFETs 
(4 pages) 

97254 

AN7254 Switching Waveforms of the L^FET: 

A 5 Volt Gate-Drive Power MOSFET 
(8 pages) 

97260 

AN7260 Power MOSFET Switching Waveforms: 

A New insight (7 pages) 

97275 

AN7275 User’s Guide to the CDP1879 and 

CDP1879C1 CMOS Real-Time Clocks 
(18 pages) 

97326 

AN7326 Applications of the CA3228E Speed 
Control System (16 pages) 

97332 

AN7332 The Application of Conductivity-Modu¬ 
lated Field-Effect Transistors (5 pages) 

97374 

AN7374 The CDP1871A Keyboard Encoder 
(9 pages) 

98602 

AN8602 The IGBTs - A New High Conductance 
MOS-Gated Device (3 pages) 

98603 

AN8603 Improved IGBTs with Fast Switching 
Speed and High-Current Capability 
(4 pages) 

98610 

AN8610 Spicing-Up Spice II Software for Power 
MOSFET Modeling (8 pages) 

98614 

AN8614 The CA1523 Variable Inten/al Pulse 
Regulator (VIPUR) For Switch Mode 
Power Supplies (13 pages) 

98707 

AN8707 The CA3450: A Single-Chip Video Line 
Driver and High Speed Op Amp 
(14 pages) 

98742 

AN8742 Application of the CD22402 Video Sync 
Generator (4 pages) 

98743 

AN8743 Micropower Crystal-Controlled Oscilla¬ 
tor Design Using CMOS Inverters 
(8 pages) 

98754 

AN8754 Method of Measurement of Simulta¬ 
neous Switching Transient (3 pages) 

98756 

AN8756 A Comparative Description of the UART 

(16 pages) 

98759 

AN8759 Low Cost Data Acquisition System Fea¬ 
tures SPI A/D Converter (9 pages) 

98761 

AN8761 User's Guide to the CDP68HC68T1 
Real-Time Clock (14 pages) 

98811 

AN8811 BiMOS-E Process Enhances the 

CA5470 Quad Op Amp (8 pages) 

98818 

AN8818 Exceptional Radiation Levels from Sili- 
con-on-Sapphire Processed High- 
Speed CMOS Logic (5 pages) 

98820 

AN8820 Recommendations for Soldering Termi- 

nal Leads to MOV Varistor Discs 
(2 pages) 


AnswerFAX 

DOCUMENT 

NUMBER 

PART 

NUMBER DESCRIPTION 

98823 

AN8823 CMOS Phase-Locked-Loop Applica¬ 
tions Using the CD54/74HC/HCT4046A 
and CD54/74HC/HCT7046A (23 pages) 

98829 

AN8829 SP600 and SP601 an HVIC MOSFET/ 

IGBT Driver for Half-Bridge Topologies 
(6 pages) 

98910 

AN8910 An Introduction to Behavioral Simula¬ 
tion Using Harris AC/ACT Logic Smart- 
Models^*^ From Logic Automation Inc. 

(9 pages) 

99001 

AN9001 Measuring Ground and VCC Bounce in 
Advanced High Speed (AC/ACT/FCT) 
CMOS Logic ICs (4 pages) 

99002 

AN9002 Transient Voltage Suppression in 
Automotive Vehicles (8 pages) 

99003 

AN9003 Low-Voltage Metal-Oxide Varistor - 

Protection for Low Voltage (<5V) ICs 
(13 pages) 

99010 

AN9010 HIP2500 High Voltage (500Vdc) Half- 

Bridge Driver 1C (8 pages) 

99011 

AN9011 Synchronous Operation of Harris Rad 
Hard SOS 64K Asynchronous SRAMs 
(4 pages) 

99101 

AN9101 High Current Off Line Power Supply 
(4 pages) 

99102 

AN9102 Noise Aspects of Applying Advanced 

CMOS Semiconductors (9 pages) 

99105 

AN9105 HVIC/IGBT Half-Bridge Converter 
Evaluation Circuit (1 page) 

99106 

AN9106 Special ESD Considerations for the HS- 
65643RH and HS-65647RH Radiation 
Hardened SOS SRAMs (2 pages) 

99108 

AN9108 Harris Multilayer Surface Mount Su rge 
Suppressors (10 pages) 

99201 

AN9201 Protection Circuits for Quad and Octal 
Low Side Power Drivers (8 pages) 

99202 

AN9202 Using the HFA1100. HFA1130 

Evaluation Fixture (4 pages) 

99203 

AN9203 Using the HI5800 Evaluation Board 
(13 pages) 

99204 

AN9204 Tools for Controlling Voltage Surges 
and Noise (4 pages) 

99205 

AN9205 Timing Relationships for HSP45240 
(2 pages) 

99206 

AN9206 Correlating on Extended Data Lengths 
(2 pages) 

99207 

AN9207 DSP Temperature Considerations 
(2 pages) 

99208 

AN9208 High Frequency Power Converters 
(10 pages) 
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99209 

AN9209 A Spice-2 Subcircuit Representation for 

Power MOSFETs, Using Empirical 
Methods (4 pages) 

99210 

AN9210 A New PSpice Subcircuit for the Power 

MOSFET Featuring Giobal Tempera¬ 
ture Options (12 pages) 

99211 

AN9211 Soldering Recommendations for 

Surface Mount Metal Oxide Varistors 
and Multiiayer Transient Voltage 
Suppressors (8 pages) 

99213 

AN9213 Advantages and Application of Display 

Integrating A/D Converters (6 pages) 

99214 

AN9214 Using Harris High Speed A/D 

Converters (10 pages) 

99215 

AN9215 Using the HI-5700 Evaluaton Board 
(7 pages) 

99216 

AN9216 Using the HI5701 Evaiuation Board 
(8 pages) 

99217 

AN9217 High Current Off Line Power Supply 
(11 pages) 

99301 

AN9301 High Current Logic Level MOSFET 
Driver (3 pages) 

99302 

AN9302 CA3277 Dual 5V Regulator Circuit 

Applications (9 pages) 

99303 

AN9303 Upgrading Your Application to the 
HI7166 orHI7167 (7 pages) 

99304 

AN9304 ESD and Transient Protection Using the 
SP720 (10 pages) 

99306 

AN9306 The New "C“ III Series of Metal Oxide 
Varistors (5 pages) 

99307 

AN9307 The Connector Pin Varistor for 

Transient Voltage Protection in 
Connectors (7 pages) 

99308 

AN9308 Voltage Transients and their 

Suppression (5 pages) 

99309 

AN9309 Using the HI6800/HI5801 Evaluation 
Board (8 pages) 

99310 

AN9310 Surge Suppression Technologies 
Advantages and Disadvantages 
(MOVs, SADs, Gas Tubes, RIters and 
Transformers) (6 pages) 

99311 

AN9311 The ABCs of MOVs (3 pages) 

99312 

AN9312 Suppression of Transients in an 

Automative Environment (11 pages) 

99313 

AN9313 Circuit Considerations in Imaging 
Applications (8 pages) 

99314 

AN9314 Harris UHF Pin Drivers (4 pages) 

99315 

AN9315 RF Amplifier Design Using HFA3046/ 
3096/3127/3128 Transistor Arrays 
(4 pages) 


AnswerFAX Technical Support 
Application Note Listing 


AnswerFAX 

DOCUMENT 

NUMBER 
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NUMBER DESCRIPTION 

99316 

AN9316 Power Supply Considerations for the 
HI-222 High Frequency Video Switch 
(2 pages) 

99317 

AN9317 Micropower Clock Oscillator and Op 
Amps Provide System Control for Bat¬ 
tery Operated Circuits (2 pages) 

99321 

AN9321 Single Pulse Undamped Inductive 

Switching: A Rating System (5 pages) 

99322 

AN9322 A Combined Single Pulse and 

Repetitive UlS Rating System (4 pages) 

99323 

AN9323 HIP5061 High Efficiency, High Perfor¬ 

mance, High Power Converter 
(10 pages) 

99324 

AN9324 HIP4080, 80V Frequency H-Bridge 

Driver (12 pages) 

99327 

AN9327 HC-5509A1 Ring Trip Component 

Selection (9 pages) 

99328 

AN9328 Using the H11166 Evaluation Board 
(9 pages) 

99329 

AN9329 Using the HI1176/HI1171 Evaiuation 
Board (5 pages) 

99330 

AN9330 Using the HU 396 Evaluation Board 
(9 pages) 

99331 

AN9331 Using the HU 175 Evaluation Board 
(10 pages) 

99332 

AN9332 Using the H11276 Evaluation Board 
(10 pages) 

99333 

AN9333 Using the HU 386 Adapter Board 
(2 pages) 

99334 

AN9334 Improving Start-Up Time at 32kHz 
for the HA7210 Low Power Crystal 
Oscillator (2 pages) 

99335 

AN9335 HIP5500 High Voltage (500Vdc) Power 

Supply Driver 1C (13 pages) 

99337 

AN9337 Reduce CMOS-Multiplexer T roubles 
Through Proper Device Selection 
(6 pages) 

660001 

MM0001 HFA-0001 Spice Operational Amplifier 

Macro-Model (4 pages) 

660002 

MM0002 HFA-0002 Spice Operational Amplifier 

Macro-Model (4 pages) 

660005 

MM0005 HFA-0005 Spice Operational Amplifier 

Marco-Model (4 pages) 

662500 

MM2500 HA2500/02 Spice Operational Amplifier 

Macro-Model (5 pages) 

662510 

MM2510 HA-2510/12 SpIce Operational 

Amplifier Macro-Model (4 pages) 

662520 

MM2520 HA-2520/22 Spice Operational 

Amplifier Macro-Model (4 pages) 
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662539 

MM2539 HA-2539 Spice Operational Amplifier 

Macro-Model (4 pages) 

662540 

MM2540 HA-2540 Spice Operational Amplifier 

Macro-Model (4 pages) 

662541 

MM2541 HA-2541 Spice Operational Amplifier 

Macro-Model (5 pages) 

662542 

MM2542 HA-2542 SpIce Operational Amplifier 

Macro-Model (5 pages) 

662544 

MM2544 HA-2544 Spice Operational Amplifier 

Macro-Model (5 pages) 

662548 

MM2548 HA-2548 Spice Operational Amplifier 

Macro-Model (5 pages) 

662600 

MM2600 HA-2600/02 Spice Operational 

Amplifier Macro-Model (5 pages) 

662620 

MM2620 HA-2620/22 Spice Operational 

Amplifier Macro-Model (5 pages) 

662839 

MM2839 HA-2839 Spice Operational Amplifier 

Macro-Model (4 pages) 

662840 

MM2840 HA-2840 Spice Operational Amplifier 

Macro-Model (4 pages) 

662841 

MM2841 HA-2841 Spice Operational Amplifier 

Macro-Model (4 pages) 

662842 

MM2842 HA-2842 Spice Operational Amplifier 

Macro-Model (4 pages) 

662850 

MM2850 HA-2850 SpIce Operational Amplifier 

Macro-Model (4 pages) 

665002 

MM5002 HA-5002 Spice Buffer Amplifier 

Macro-Model (4 pages) 

665004 

MM5004 HA-5004 Spice Current Feedback 

Amplifier Macro-Model (4 pages) 


AnswerFAX Technical Support 
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NUMBER DESCRIPTION 

665020 

MM5020 HA-5020 Spice Current Feedback 

Operational Amplifier Macro-Model 
(4 pages) 

665033 

MM5033 HA-5033 Spice Buffer Amplifier 

Macro-Model (4 pages) 

665101 

MM5101 HA-5101 SpIce Operational Amplifier 

Macro-Model (5 pages) 

665102 

MM5102 HA-5102 Spice Operational Amplifier 

Macro-Model (5 pages) 

665104 

MM5104 HA-5104 Spice Operational Amplifier 

Macro-Model (5 pages) 

665112 

MM5112 HA-5112 Spice Operational Amplifier 

Macro-Model (5 pages) 

665114 

MM5114 HA-5114 Spice Operational Amplifier 

Macro-Model (5 pages) 

665127 

MM5127 HA-5127 Spice Operational Amplifier 

Macro-Model (4 pages) 

665137 

MM5137 HA-5137 SpIce Operational Amplifier 

Macro-Model (4 pages) 

665147 

MM5147 HA-5147 SpIce Operational Amplifier 

Macro-Model (4 pages) 

665190 

MM5190 HA-5190 Spice Operational Amplifier 

Macro-Model (4 pages) 

665221 

MM5221 HA-5221/22 Spice Operational 

Amplifier Macro-Model (4 pages) 

797338 

MM Harris Power MOSFET and MCT Spice 

PWRDEV Model Library (16 pages) 


14-8 
































































FRANCE Paris.33-1-346-54046 

GERMANY Munich.49-89-63813-0 

HONG KONG Kowloon.. 852-723-6339 

ITALY Milano.39-2-262-0761 

JAPAN Tokyo..81 -3-3265-7571 

KOREA Seoul.82-2-551-0931 

SINGAPORE Singapore. 65-291-0203 

TAIWAN Taipei.886-2-716-9310 

UNITED KINGDOM Camberley.44-2-766-86886 


For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS). 
or for immediate fax service using Harris AnswerFAX dial 407-724-7800 



15-1 


SALES OFFICES 






























North American Sales Offices and Representatives 


December 1994 


ALABAMA 

Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 
Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


ARIZONA 

Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 
TEL: (602) 996-0635 
FAX: 602 996 0586 
P.O. Box 65447 
Tucson, AZ 85728 
TEL: (602) 577-0580 
FAX: 602 577 0581 


CALIFORNIA 
Harris Semiconductor 
1503 So. Coast Drive 

* Suite 320 

Costa Mesa, CA 92626 
TEL: (714)433-0600 
FAX: 714 433 0682 
Harris Semiconductor 

* 3031 Tisch Way 
1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 102 

San Diego, CA 92111 
TEL: (619) 279-0420 
FAX: 619 279 7650 
Ewing Foley, Inc. 

185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 
Ewing Foley, Inc. 

895 Sherwood Lane 
Los Altos, CA 94022 
TEL: (415) 941-4525 
FAX: 415 941 5109 
Vision Technical Sales, Inc. 

* 26010 Mureau Road 
Suite 140 

Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


CANADA 

Biakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC 
Canada V5A2G9 
TEL: (604) 444-3344 
FAX: 604 444 3303 


Clark Hurman Associates 
Unit 14 

20 Regan Road 
Brampton, Ontario 
Canada L7A iC3 
TEL: (905) 840-6066 
FAX: 905 840-6091 
308 Palladium Drive 
Suite 200 
Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 
78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 
TEL: (514) 426-0453 
FAX: 514 426 0455 


COLORADO 

Compass Mktg. & Sales, Inc. 

5600 So. Quebec St. 

Suite 350D 

Greenwood Village, CO 80111 
TEL: (303) 721-9663 
FAX: 303 721 0195 


CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bldg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


FLORIDA 

Harris Semiconductor 
* 2401 Palm Bay Rd. 

Palm Bay. FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 
Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 
FAX: 407 723 3845 
Sun Marketing Group 
4175 East Bay Drive, Suite 128 
Cleanvater, FL 34624 
TEL: (813) 536-5771 
FAX: 813 536 6933 
Sun Marketing Group 
600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (305) 429-1077 
FAX: 305 429 0019 


GEORGIA 

Giesting & Associates 
* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (404) 476-0025 
FAX: 404 476 2405 


ILLINOIS 

Harris Semiconductor 
*1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (708) 240-3480 
FAX: 708 619 1511 


Oasis Sales 
1101 Tonne Road 
Elk Grove Village, IL 60007 
TEL: (708) 640-1850 
FAX: 708 640 9432 


INDIANA 

Harris Semiconductor 
* 11590 N. Meridian St. 
Suite 100 
Carmel, IN 46032 
TEL: (317) 843-5180 
FAX: 317 843 5191 
Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 
TEL: (317) 844-5222 
FAX: 317 844 5861 


IOWA 

Oasis Sales 

4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, lA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


KANSAS 

Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


KENTUCKY 
Giesting & Associates 
204 Pintail Court 
Versailles, KY 40383 
TEL: (606) 873-2330 
FAX: 606 873 6233 


MARYLAND 
New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 
TEI: (410) 761-4100 
FAX: 410 761-2981 


MASSACHUSETTS 
Harris Semiconductor 

* Six New England Executive Pk. 
Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 
Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 
N. Reading, MA 01864 
TEL: (508) 664-0888 
FAX: 508 664 5503 


MICHIGAN 

Harris Semiconductor 
* 27777 Franklin Rd., Suite 460 
Southfield, Ml 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 
Giesting & Associates 
34441 Eight Mile Rd., Suite 113 
Livonia. Ml 48152 
TEL: (810) 478-8106 
FAX: 810 477 6908 


* Field Application Assistance Available 


Giesting & Associates 
1279 SkyhillsN.E. 
Comstock Park, Ml 49321 
TEL: (616) 784-9437 
FAX: 616 784 9438 


MINNESOTA 
Oasis Sales 
7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


MISSOURI 

Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 
TEL: (314) 291-5003 
FAX: 314 291 7958 


NEBRASKA 

Advanced Tech. Sales, Inc. 

601 North Mur-Len, Suite 8 
Olathe. KS 66062 
TEL: (913) 782-8702 
FAX: 913 782 8641 


NEW JERSEY 
Harris Semiconductor 
* Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 
Harris Semiconductor 
724 Route 202 
P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 
Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


NEW MEXICO 

Compass Mktg. & Sales, inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


NEW YORK 
Harris Semiconductor 
Hampton Business Center 
1611 Rt.9,SuiteU3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 
FAX: 914 298 0425 
Harris Semiconductor 
* 490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0219 
FAX: 516 342 0295 
Foster & Wager, inc. 

300 Main Street 
Vestal, NY 13850 
TEL; (607) 748-5963 
FAX: 607 748 5965 


15-2 




North American Sales Offices and Representatives (Continued) 


December 1994 


Foster & Wager, Inc. 

2511 Browncroft Blvd. 
Rochester. NY 14625 
TEL: (716) 385-7744 
FAX: 716 586 1359 
Foster & Wager, Inc. 
7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 
Trionic Associates, Inc. 
320 Northern Blvd. 

Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 

NORTH CAROLINA 
Harris Semiconductor 
4020 Stirrup Creek Dr. 
Building 2A, MS/2T08 
Durham, NC 27703 
TEL: (919) 405-3600 
FAX: 919 405 3660 
New Era Sales 
1110 Navajo Dr., Suite 203 
Raleigh, NC 27609 
TEL: (919) 878-0400 
FAX: 919 878 8514 


OHIO 

Giesting & Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL; (513) 385-1105 
FAX: 513 385 5069 
6324 Tamworth Ct. 

Columbus, OH 43017 
TEL: (614) 752-5900 
6200 SOM Center Rd. 

Suite D-20 
Solon. OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4544 

OKLAHOMA 
Nova Marketing 

8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 317 1091 

OREGON 

Northwest Marketing Assoc. 
6975 SW Sandburg Rd. 


Suite 330 

Portland. OR 97223 
TEL: (503) 620-0441 
FAX: 503 684 2541 

PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 

TEXAS 

Harris Semiconductor 
• 17000 Dallas Parkway, Suite 205 
Dallas, TX 75248 
TEL: (214) 733-0800 
FAX: 214 733 0819 
Nova Marketing 
8310 Capitol of Texas Hwy. 
Suite 180 
Austin, TX 78731 
TEL: (512) 343-2321 
FAX: 512 343-2487 

8350 Meadow Rd., Suite 174 
Dallas, TX 75231 
TEL: (214) 265-4600 
FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford. TX 77477 
TEL: (713) 240-6082 
FAX: 713 240 6094 

UTAH 

Compass Mktg. & Sales, Inc. 

5 Triad Center, Suite 320 
Salt Lake City. UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 

WASHINGTON 
Northwest Marketing Assoc. 

12835 Bel-Red Road 
Suite 330N 
Bellevue, WA 98005 
TEL; (206) 455-5846 
FAX: 206 451 1130 

WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 

Brookfield. Wl 53005 
TEL: (414) 782-6660 
FAX; 414 782 7921 


North American Authorized Distributors and Corporate Offices 

Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 
7550 E. Redfield Rd. 
Scottsdale, AZ 85260 
TEL: (602) 483-9400 
FAX: (602) 443 3898 
Arrow/Schweber 
Electronics Group 
25 Hub Dr. 

Melville. NY 11747 
TEL: (516) 391-1300 
FAX: 516 391 1644 
Electronics Marketing 
Corporation (EMC) 

1150 West Third Avenue 
Columbus. OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 

(Formerly ITT Multicomponents) 
300 North Rivermede Rd. 
Concord, Ontario 
Canada L4K 3N6 
TEL: (416) 798-4884 
FAX: 416 798 4889 
Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 
TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


Hamilton Hallmark 

10950 W. Washington Blvd. 
Culver City, CA 90230 
TEL: (310) 558-2000 
FAX: 310 558 2809 (Mil) 
FAX: 214 343 5988(Com) 
Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
FAX: 312 275-9596 
Wyle Laboratories 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (408) 727-2500 
FAX: 408 988-2747 


Zeus Electronics, 

An Arrow Company 

100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 
FAX; 914 937-2553 

Obsolete Products: 

Rochester Electronic 

10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


North American Authorized Distributors 


ALABAMA 

Arrow/Schweber 

Huntsville 

TEL: (205) 837-6955 
Hamilton Hallmark 
Huntsville 

TEL: (205) 837-8700 
Wyle Laboratories 
Huntsville 

TEL: 205) 830-1119 

Zeus, An Arrow Company 

Huntsville 

TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 

ARIZONA 

Alliance Electronics, Inc. 
Gilbert 

TEL: (602) 813-0233 


Scottsdale 

Arrow/Schweber 

San Jose 

TEL: (602) 483-9400 

Calabasas 

TEL: (408) 435-3500 

Arrow/Schweber 

TEL: (818) 880-9686 

Wyle Laboratories 

Tempe 

Irvine 

Calabasas 

TEL: (602) 431-0030 

TEL: (714) 587-0404 

TEL: (818) 880-9000 

Hamilton Hallmark 

San Diego 

Irvine 

Phoenix 

TEL: (619) 565-4800 

TEL: (714) 863-9953 

TEL: (602) 437-1200 

San Jose 

Rancho Cordova 

Wyle Laboratories 

TEL: (408) 441-9700 

TEL: (916) 638-5282 

Phoenix 

Hamilton Hallmark 

San Diego 

TEL: (602) 437-2088 

Costa Mesa 

TEL: (619) 565-9171 

Zeus, An Arrow Company 

TEL; (714) 641-4100 

Santa Clara 

Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 

Los Angeles 

TEL: (818) 594-0404 

TEL: (408) 727-2500 

Zeus, An Arrow Company 

Sacramento 

San Jose 

CALIFORNIA 

TEL: (916) 624-9781 

TEL: (408) 629-4789 

Alliance Electronics, Inc. 
Santa Clarita 

TEL: (805) 297-6204 

San Diego 

TEL: (619) 571-7540 

TEL: (800) 52-HI-REL 


Field Application Assistance Available 
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Yorba Linda Zeus, An Arrow Company 

TEL: (714) 921-9000 TEL: (914) 937-7400 

TEL: (800) 52-HI-REL TEL: (800) 52-HI-REL 


CANADA 

Arrow/Schweber 

Burnaby, British Columbia 
TEL: (604) 421-2333 

Dorval, Quebec 
TEL: (514)421-7411 

Nepan, Ontario 
TEL: (613) 226-6903 
Mississagua, Ontario 
TEL: (905) 670-7769 
Parnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 291-8866 
Calgary, Alberta 
TEL: (403) 273-2780 
Concord, Ontario 
TEL: (416) 798-4884 

V. St. Laurent, Quebec 
TEL: (514) 335-7697 
Nepean, Ontario 
TEL: (613) 596-6980 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 

TEL: (604) 420-4101 
Toronto 

TEL: (416) 795-3859 


COLORADO 
Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
Hamilton Hallmark 
Denver 

TEL: (303) 790-1662 
Colorado Springs 
TEL: (719) 637-0055 
Wyle Laboratories 
Thornton 

TEL: (303) 457-9953 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Alliance Electronics, Inc. 

Shelton 

TEL: (203) 926-0087 

Arrow/Schweber 

Wallingford 

TEL: (203) 265-7741 

Hamilton Hallmark 

Danbury 

TEL: (203) 271-2844 


FLORIDA 

Alliance Electronics, Inc. 
Tampa 

TEL: (813) 831-7972 
Arrow/Schweber 
Deerfield Beach 
TEL: (305) 429-8200 
Lake Mary 
TEL: (407) 333-9300 
Hamilton Hallmark 
Miami 

TEL: (305) 484-5482 
Orlando 

TEL: (407) 657-3300 
Largo 

TEL: (816) 541-7440 
Wyle Laboratories 
Fort Lauderdale 
TEL: (305) 420-0500 
St. Petersburg 
TEL: (813) 576-3004 
Zeus, An Arrow Company 
Lake Mary 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


GEORGIA 

Arrow/Schweber 

Duluth 

TEL: (404) 497-1300 
Hamilton Hallmark 
Atlanta 

TEL: (404) 623-5475 
Wyle Laboratories 
Duluth 

TEL: (404) 441-9045 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 

Alliance Electronics, Inc. 
Vernon Hills 
TEL: (708) 949-9890 
Arrow/Schweber 

Itnc/'a 

TEL: (708) 250-0500 

Hamilton Hallmark 
Chicago 

TEL: (708) 860-7780 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 

Wyle Laboratories 
Addison 

TEL: (708) 620-0969 

Zeus, An Arrow Company 

Itacpa 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


INDIANA 

Arrow/Schweber 

Indianapolis 
TEL: (317) 299-2071 


* Field /Application Assistance Available 


Hamilton Hallmark 
Indianapolis 
TEL: (317) 872-8875 
Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 

Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 
Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 

Arrow/Schweber 

Lenexa 

TEL: (913) 541-9542 
Hamilton Hallmark 
Kansas City 
TEL: (913) 888-4747 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MARYLAND 

Arrow/Schweber 

Columbia 

TEL: (301) 596-7800 
Hamilton Hallmark 
Baltimore 

TEL: (410) 988-9800 
Wyle Laboratories 
Columbia 

TEL: (410)312-4844 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 
Alliance Electronics, Inc. 
Winchester 
TEL: (617)756-1910 
Arrow/Schweber 
Wilmington 
TEL: (508) 658-0900 
Gerber 
Norwood 

TEL: (617) 769-6000 
Hamilton Hallmark 
Peabody 

TEL: (508) 532-9893 
Wyle Laboratories 
Burlington 
(617) 272-7300 
Zeus, An Arrow Company 
Wilmington, MA 
TEL: (508) 658-4776 
TEL: (800) HI-REL 


MICHIGAN 

Arrow/Schweber 

Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Detroit 

TEL: (313) 347-4271 


Grandville 

TEL: (616) 531-0345 
Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


MINNESOTA 
Arrow/Schweber 
Eden Prarie 
TEL: (612) 941-5280 
Hamilton Hallmark 
Minneapolis 
TEL: (612)881-2600 
Wyle Laboratories 
Minneapolis 
TEL: (612) 853-2280 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


MISSOURI 
Arrow/Schweber 
St. Louis 

TEL: (314) 567-6888 
Hamilton Hallmark 
St. Louis 

TEL: (314) 291-5350 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEW JERSEY 
Arrow/Schweber 
Marlton 

TEL: (609) 596-8000 
Pinebrook 

TEL: (201) 227-7880 
Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 
Parsippany 
TEL: (201)515-1641 
Wyle Laboratories 
Mt. Laurel 

TEL: (609) 439-9110 
Pine Brook 
TEL: (201) 882-8358 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 
Hamilton Hallmark 
Albuquerque 
TEL: (505) 828-1058 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 

Alliance Electronics, Inc. 

Binghamton 

TEL: (607) 648-8833 

Huntington 

TEL: (516) 673-1930 

Arrow/Schweber 

Farmingdale 

TEL: (516) 293-6363 
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Hauppauge 
TEL: (516) 231-1000 

Melville 

TEL: (516) 391-1276 
TEL: (516)391-1300 
TEL: (516) 391-1633 

R(x:hester 

TEL: (716) 427-0300 
Hamilton Hallmark 
Long Island 
TEL: (516) 434-7400 
Rochester 

TEL: (716) 475-9130 
Ronkonkoma 
TEL: (516) 737-0600 
Syracuse 

TEL: (315) 453-4000 
Zeus, An Arrow Company 
Pt. Chester 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NORTH CAROLINA 
Arrow/Schweber 

Raleigh 

TEL: (919) 876-3132 

EMC 

Charlotte 

TEL: (704) 394-6195 

Hamilton Hallmark 

Raleigh 

TEL: (919) 872-0712 
Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 

Alliance Electronics, Inc. 

Dayton 

TEL: (513) 433-7700 

Arrow/Schweber 

Solon 

TEL: (216) 248-3990 

Centenrille 

TEL: (513) 435-5563 

EMC 

Columbus 

TEL: (614) 299-4161 
Hamilton Hallmark 
Cleveland 

TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 

TrtloHrk 

TEL: (419) 242-6610 
Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 

Arrow/Schweber 

Tulsa 

TEL: (918) 252-7537 

Hamilton Hallmark 

Tulsa 

TEL: (918) 254-6110 
Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 
Al mac/Arrow 

Beaverton 

TEL: (503) 629-8090 

Hamilton Hallmark 
Portland 

TEL: (503) 526-6200 

Wyle Laboratories 
Beaverton 

TEL: (503) 643-7900 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 
Arrow/Schweber 
Monroeville 
TEL: (412) 963-6807 
Hamilton Hallmark 
Pittsburgh 

TEL: (412) 281-4150 
Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEXAS 

Alliance Electronics, Inc. 
Carrollton 

TEL: (214) 492-6700 

Arrow/Schweber 

Austin 

TEL: (512) 835-4180 


r\QiiQc 

TEL: (214) 380-6464 
Houston 

TEL: (713) 647-6868 

Hamilton Hallmark 

Austin 

TEL: (512) 258-8848 
Dallas 

TEL: (214) 553-4300 
Houston 

TEL: (713) 781-6100 
Wyle Laboratories 
Austin 

TEL: (512) 345-8853 
Houston 

TEL: (713) 879-9953 

Richardson 

TEL: (214) 235-9953 

Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


UTAH 

Arrow/Schweber 
Salt Lake City 
TEL: (801)973-6913 
Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 
Wyle Laboratories 
West Valley City 
TEL: (801) 974-9953 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 

Almac/Arrow 

Bellevue 

TEL: (206) 643-9992 

Hamilton Hallmark 
Seattle 

TEL: (206) 881-6697 

Wyle Laboratories 
Redmond 

TEL: (206) 881-1150 
Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WISCONSIN 

Arrow/Schweber 

Brookfield 

TEL: (414) 792-0150 

Hamilton Hallmark 

Milwaukee 

TEL: (414) 780-7200 

Wyle Laboratories 

Waukesha 

TEL: (414) 521-9333 

Zeus, An Arrow Company 

TEL: (708) 595-9730 

TEL: (800) 52-HI-REL 


Harris Semiconductor 
Chip Distributors 

Chip Supply, Inc. 

7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 
Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank. CA 91504-1052 
TEL: (818) 768-7400 
FAX: (818) 767-7038 
Minco Technology Labs, Inc. 
1805 Rutherford Lane 
Austin. TX 78754 
TEL: (512) 834-2022 
FAX: (512) 837-6285 


Puerto Rican 
Authorized Distributor 

Hamilton Hallmark 

TEL: (809)731-1110 


South American 
Authorized Distributor 

Graftec Electronic Sales Inc. 

One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton. Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 

Graftec Electronics 
Av. Moema 538 
04077-022 Sao Paulo - SP 
Brasil 

TEL: oil 55 11 572 2727 
FAX: oil 55 11 575 7519 


European Sales Offices and Representatives 


European Sales Headquarters 
Harris S.A. 


Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


AUSTRIA 

Eurodis Electronics GmbH 

Lamezanstrasse 10 
A - 1232 Vienna 
TEL: 43 1 61062-0 
FAX: 43 1 610625 


DENMARK 
Deico AS 

Titangade 15 
DK - 2200 Copenhagen N 
TEL: 45 35 82 12 00 
FAX: 45 35 82 12 05 


FINLAND 

J. Havulinna & Son 

Reinikkalan Kartano 
SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs SARL 
* 2-4, Avenue de I’Europe 
F - 78140 Velizy 
TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 27 (Sales) 
FAX: 33 1 39 46 40 54 


GERMANY 

Harris Semiconductor GmbH 
* Putzbrunnerstrasse 69 
D-81739 Munchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 
Harris Semiconductor GmbH 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


* Field /V)plication Assistance Available 
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Harris Semiconductor GmbH 
Wegener Strasse, 5/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 
Ecker Michelstadt GmbH 
In den Dorfwiesen 2A 
Postfach 33 44 
D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 
Erwin W. Hiidebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 60 65 
FAX: 49 2502 18 89 
FINK Handelsvertretung 
Laurinweg, 1 
D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
Hepbacher Strasse 11A 
D - 88677 Markdorf 
TEL: 49 7544 7 25 55 
FAX: 49 7544 7 25 55 


ISRAEL 

Aviv Electronics Ltd 
Hayetzira Street. 4 Ind. Zone 
IS - 43651 Ra’anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL: 972 9 983232 
FAX: 972 9 916510 


ITALY 
Harris SRL 

* Vlale Fulvio Test!, 126 
1-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 07 61 

(Disti & OEM ROSE) 
TEL: 39 2 240 95 01 
(Disti & OEM Italy) 

FAX: 39 2 248 66 20 

39 2 262 22 158 (ROSE) 


NETHERLANDS 
Harris Semiconductor SA 
Beneiux OEM Sales Office 
Mercuriusstraat 40 
NL - 5345 LX Oss 
TEL: 31 4120 38561 
FAX: 31 4120 34419 
Auriema Nederland BV 
Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX: 31 40 510255 


SPAIN 
Elcos S. L. 

C/Avda. Europa, 30 1 B-A 
Spain 28224 Pozuelo de Alarcon 
Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


Avnet EMG France 

* 79, Rue Pierre Semard 
F-92320 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 

FAX: 33 1 49 65 27 39 
CCI Electronique 

• 5, Rue Marcellin Berthelot 
Zone Industrielle D’Antony 
BP 92 

F - 92164 Antony Cedex 
TEL: 33 1 46 74 47 00 
FAX: 33 1 40 96 92 26 


Harris Semiconductor 
Chip Distributors 

Edgetek/Rood Tech 
Zai De Courtaboeuf 
Avenue Des Andes 
91952 Les Ulis Cedex 
TEL: 33 1 64 46 06 50 
FAX: 33 1 69 28 43 96 
TWX: 600333 


UNITED KINGDOM 
Harris Semiconductor Ltd 
* Riverside Way 
Camberley 
Surrey GUI5 3YQ 
TEL: 44 276 686 886 
FAX: 44 276 682 323 
Laser Electronics 
Ballynamoney 
Greenore 
Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 
Comtech House 
Redgate Road 

South Lancashire Indust. Estate 
Ashton-ln-Makerfield 
Wigan WN4 8DT 
TEL: 44 942 274731 
FAX: 44 942 274732 
Stuart Electronics Ltd. 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 555 751566 
FAX: 44 555 751562 


EASTERN COUNTRIES 
HEV GmbH 

Alexanderplatz 6 
D-10178 Berlin 
TEL: 49 30 2483400 
FAX: 49 30 2483424 


GERMANY 
Avnet/E2000 
Stahlgruberring, 12 
D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 
EBV Elektronik GmbH 
* Hans-Pinsel-Strasse 4 
D - 85540 Haar-bei-Munchen 
TEL: 49 89 45610-0 
FAX: 49 89 464488 
Eurodis Enatechnik 
Electronics GmbH 
Schillerstrasse 14 
D - 25541 Quickborn 
TEL: 49 4106 6 12-0 
FAX: 49 4106 6 12-268 
Indeg Industrie Elektronik 
Emil Kdmmerling Strasse 5 
D - 66954 Pirmasens 
TEL: 49 6331 9 40 65 
FAX: 49 6331 9 40 64 


European Authorized Distributors 


AUSTRIA 

Avnet E2000 GmbH 
Waidhausenstrasse 19 
A -1140 Wien 
TEL: 43 1 9112847 
FAX: 43 1 9113853 
EBV Elektronik 

* Diefenbachgasse 35/6 
A -1150 Wien 

TEL: 431 8941717 
FAX: 43 1 8941775 
Eurodis Electronics GmbH 
Lamezanstrasse 10 
A - 1232 Wien 
TEL: 43 1 610620 
FAX: 43 1 610625 
Spoerle Electronic 
Heiligenstadter Str. 52 
A -1190 Wien 
TEL: 43 1 31872700 
FAX: 43 1 3692273 

BELGIUM 
Diode Beigium 

* Keiberg 11 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 
EBV Eiektronik 

* Excelsiorlaan 35 

B -1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 
Eurodis Texim Electronics 

* Avenue des Croix de 
Guerre 116 

B -1120 Brussels 
TEL: 32 2 247 49 69 
FAX: 32 2 215 81 02 


DENMARK 
Avnet Nortec 

Transformerve], 17 
DK - 2730 Herlev 
TEL: 45 42 84 2000 
FAX: 45 44 92 1552 
Ditz Schweitzer 
Vallensbaekvej 41 
Postboks 5 
DK - 2605 Brondby 
TEL: 45 42 45 30 44 
FAX: 45 42 45 92 06 

FINLAND 
Avnet Nortec 

Italahdenkatu, 18 
SF-00210 Helsinki 
TEL: 358 061 318250 
FAX; 358 069 22326 
Bexab 

Sinimaentie IOC 
P.O. Box 51 
SF-02630 ESPOO 
TEL: 358.0.50 23 200 
FAX: 358.0.50 23 294 

FRANCE 

3D 

Zl des Glaises 
6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 
Arrow Electronique 
73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 05 96 


Elmo 

Z. A. De La Tuilerie 
B. P. 1077 

78204 Mantes-La-Jolie 
TEL: 33 1 34 77 16 16 
FAX: 33 1 34 77 95 79 
TWX: 699737 
Hybritech CM (HCM) 

7, Avenue Juliot Curie 
F -17027 LA Rochelle Cedex 
TEL: 33 46 45 12 70 
FAX: 33 46 45 04 44 
TWX: 793034 


Field Application /\ssistance Available 


Sasco Semiconductor 
GmbH 

Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Munchen 

TEL: 49 89 46 11-0 
FAX: 49 89 46 11-270 
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Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL; 49 6103 3 04-0 
FAX: 49 6106 3 04-201 


GREECE 
Semicon Co. 

104 Aeolou Street 
GR-10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 

Aviv Electronics 
Hayetzira Street 4, Ind. Zone 
IS - 43651 Ra'anana 
PO Box 2433 
IS - 43100 Ra’anana 
TEL; 972 9 983232 
FAX: 972 9 916510 


ITALY 

EBV Elektronik 
* Via C. Frova, 34 
I - 20092 Cinisello Babamo (Ml) 
TEL: 39266017111 
FAX: 39 2 660 17020 
Eurelettronica 
Via Enrico Fermi, 8 
I - 20090 Assago (Ml) 

TEL: 39 2 457 841 
FAX: 39 2 488 02 75 
Lasi Elettronica 
Viale Fulvio Testi 280 
I-20126 Milano 
TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 
Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 66 12 51 
FAX: 39 2 661013 59 


NETHERLANDS 
Auriema Nederland BV 

Beatrix de Rijkweg 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 502602 
FAX; 31 40 510255 

* Diode Spoerle 
Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 3402 912 34 
FAX; 31 3402 359 24 
Diode Spoerle 
Postbus 7139 
NL - 5605 JC Eindhoven 
TEL: 31 40 54 54 30 
FAX: 31 40 53 55 40 
EBV Elektronik 

* Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 
FAX: 31 3465 642 77 


* Field Application Assistance Available 


NORWAY 
Avnet Nortec 

Smedsvingen 4B 
Box 123 

N -1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 

Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 

Amitron-Arrow S.A. 

Albasanz, 75 
SP-28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 
EBV Elektronik 
* Calle MariaTubau. 6 
SP - 28049 Madrid 
TEL: 34 1 358 86 08 
FAX; 34 1 358 85 60 


SWEDEN 
Avnet Nortec 

Englundavagen 7 
P.O. Box 1830 
S -171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 
Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 
S- 183 25Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 
Avnet E2000 AG 

Boehirainstrasse 11 
CH - 8801 Thalwll 
TEL: 41 1 7221330 
FAX: 41 1 7221340 
Basix Fur Elektronik 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 1 2 76 11 11 
FAX: 41 1 2761234 
EBV Elektronik 
* Vordstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 7401090 
FAX: 41 1 7415110 

Eurodis Electronic AG 

Bahnstrasse 58/60 
CH - 8105 Regensdorf 
TEL: 41 1 84 33 111 
FAX: 41 1 84 33 910 
Fabrimex Spoerle 
Kirchenweg 5 
CH - 8032 Zurich 
TEL: 41 1 38 68 686 
FAX: 41 1 38 32379 


TURKEY 

EMPA 

Besyol Londra Asfalti 
TK - 34630 Sefakoy/ Istanbul 
TEL: 90 1 599 3050 
FAX: 90 1 599 3059 


UNITED KINGDOM 
Arrow-Jermyn Electronic 
Vestry Industrial Estate 
Sevenoaks 
Kent TN14 5EU 
TEL: 44 732 743743 
FAX: 44 732 451251 
Avnet Emg 

Jubilee House, Jubilee Road 
Letchworth 

Hertfordshire SG6 1QH 
TEL: 44 462 488500 
FAX: 44 462 488567 
Farnell Electronic 
Components 
Armley Road, Leeds 
West Yorkshire LSI2 2QQ 
TEL: 44 532 790101 
FAX: 44 532 633404 
Farnell Electronic 
Services 
Edinburgh Way. 

Harlow 

Essex CM20 2DE 
TEL: 44 279 626777 
FAX; 44 279 441687 
Micromark Electronics 
Boyn Valley Road 
Maidenhead 
Berkshire SL6 4DT 
TEL; 44 628 76176 
FAX: 44 628 783799 
Thame Components 
Thame Park Rd. 

Thame, Oxfordshire 0X9 3UQ 
TEL; 44 844 261188 
FAX: 44 844 261681 


Harris Semiconductor 
Chip Distributors 

Die Technology Ltd. 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX; 668570 
Rood Technology 
Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 
FAX: 44 420 87259 
TWX: 21137 


South African 
Authorized Distributor 

TRANSVAAL 

Allied Electronic Components 
10, Skietlood Street 
Isando, Ext. 3,1600 
P.O. Box 69 
Isando, 1600 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 


Asian Pacific 
Saies Offices and 
Representati ves 

NORTH ASIA 
Sales Headquarters 
JAPAN 
Harris K.K. 

Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL; (81)3-3265-7571 
TEL: (81) 3-3265-7572 (Sales) 
FAX; (81) 3-3265-7575 

SOUTH ASIA 
Sales Headquarters 
HONG KONG 

Harris Semiconductor H.K. Ltd. 
13/F Fourseas Building 
208-212 Nathan Road 
Tsimshatsui, Kowloon 
TEL: (852) 723-6339 
FAX: (852) 739-8946 
TLX: 78043645 


AUSTRALIA 
VSI Electronics Pty, Ltel. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


INDIA 

Intersil Private Limited 
Plot 54. SEEPZ 
Marol Industrial Area 
Andherl (E) Bombay 400 096 
TEL: (91)22-832-3097 
FAX: (91) 22-836-6682 


KOREA 

Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931/4 
FAX: 82-2-551-0930 
Inhwa Company, Ltd. 
Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 

Young San-Ku, 

Seoul 140-113, Korea 
TEL; 822-703-7231 
FAX: 822-703-8711 
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KumOh Electric Co., Ltd. 

203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL; 822-279-3614 
FAX: 822-272-6496 


PHILIPPINES 

Intergral Silicon Solution, Inc. 

6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 

Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 

Harris Semiconductor Pte Ltd. 

105 Boon Keng Road 
#01-18/19 Singapore 1233 
TEL: (65) 291-0203 
FAX: (65) 293-4301 
TLX: RS36460 RCASIN 


GS Technology Re, Ltd. 
Block 5073 #02-1656 
Ang Mo Kio Industrial Park 2 
Singapore 2056 
TEL: (65) 483-2920 
FAX; (65) 483-2930 


TAIWAN 

Harris Semiconductor 
Room 1101, No. 142, Sec. 3 
Ming Chuan East Road 
Taipei, Taiwan 
TEL: (886) 2-716-9310 
FAX; 886-2-715-3029 
TLX; 78525174 


Acer Sertek Inc. 

3F. No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component Tech. 
Corp. 

8F No. 233-1 

Pao-Chia Road 

Hsin Tien City, Taipei Hsien, 

Taiwan, R.O.C. 

TEL: (886) 2 9170858 
FAX: 886 2 9171895 


Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 
10FL.,No.292 
Min-Sheng W. Rd. 

Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


Asian Pacific Authorized Distributors 


AUSTRALIA 
VSI Electronics Pty, Ltd. 

Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


CHINA 

Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 
Hung Horn, Kowloon 
TEL: (852) 334-8188 
FAX: (852) 334-8649 
Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Ctr. 
396 Kwun Tong Road 
Kowloon, 

TEL: (852) 790-8073 
FAX: (852) 763-5477 


HONG KONG 
Array Electronics Limited 
24/F., Wyler Centre 
Phase 2 

200 Tai Lin Pai Road 
Kwai Chung 
New Territories, H.K. 

TEL: (852) 418-3700 
FAX; (852) 481-5872 
Inchcape Industrial 
10/F, Tower 2, Metroplaza 
223 Hing Fong Road 
Kwai Fong 
New Territories 
TEL: (852)410-6555 
FAX: (852) 401-2497 
Kingly International Co., Ltd. 
Flat 03,16/F, Block A, 

Hi-Tech Ind. Centre 
5-12 PakTin Par St., 

Tsuen Wan 
New Territories, H.K. 

TEL: (852) 499-3109 
FAX: (852) 417-0961 


JAPAN 

Hakuto Co., Ltd. 

1- 1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 
FAX: 81-3-3355-7680 

Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 

2- 7-1, Nishl-Shinjuku 
ShInjuku-ku, Tokyo 163 
TEL: 03-3348-0611 
FAX; 03-3348-0623 
Macnica Inc. 

Hakusan High Tech Park 

1- 22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 045-939-6116 
FAX; 045-939-6117 
Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 03-3317-9911 
FAX: 03-3317-9917 
Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2- 3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 03-3564-6871 
FAX: 03-3564-6870 
Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 
Shinjuku-ku, Tokyo 160 
TEL: 03-3355-6696 
FAX: 03-3357-5034 


KOREA 

KumOh Electric Co., Ltd. 
203-1, Jangsa-Dong, 
Chongro-ku, Seoul 
TEL: 822-279-3614 
FAX: 822-272-6496 


Inhwa Company, Ltd. 

Room #305 
Daegyo Bldg., 56-4, 
Wonhyoro - 2GA, 
Young San-Ku, 

Seoul 140-113, Korea 
TEL: 822-703-7231 
FAX: 822-703-8711 


NEW ZEALAND 
Components and 
Instrumentation NZ, Ltd. 

19 Pretoria Street 
Lower Hutt 
P.O. Box 38-099 
Wellington 

TEL; (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 

Intergral Silicon Solution, Inc. 
6th Floor Peakson Bldg 
1505 Princeton Street 
Cor. Shaw Bldg. 

Mandauyong 
TEL: 632-786652 
FAX: 632-786731 


SINGAPORE 

B.B.S Electronics Pte, Ltd. 

1 Genting Link 
#05-03 Perfect Indust. Bldg. 
Singapore 1334 
TEL: (65) 748-8400 
FAX: (65) 748-8466 

Device Electronics Pte, Ltd. 
605B MacPherson Road 
04-12 Citimac Ind. Complex 
Singapore 1336 
TEL: (65) 288-6455 
FAX: (65) 287-9197 


Willas - Array Pte, Ltd. 
40 Jalan Pemimpin 
#04-03B Tat Ann Building 
Singapore 2057 
TEL: (65) 353-3655 
FAX: (65) 353-6153 


TAIWAN 
Acer Sertek Inc. 

3F,No. 135, Sec. 2 
Chien Kuo N. Road 
Taipei, Taiwan 
TEL: (886) 2-501-0055 
FAX: (886) 2-501-2521 
Applied Component 
Technology Corp. 

8F No. 233-1 

Pao-Chial Road 

Hsin Tien City, Taipei Hsein, 

Taiwan, R.O.C. 

TEL: (02)9170858 
FAX; (02) 9171895 
Galaxy Far East Corporation 
8F-6, No. 390, Sec. 1 
Fu Hsing South Road 
Taipei, Taiwan 
TEL: (886) 2-705-7266 
FAX: 886-2-708-7901 
TECO Enterprise Co., Ltd. 

10FL., No. 292, Min-Sheng W. Rd. 
Taipei, Taiwan 
TEL: (886) 2-555-9676 
FAX: (886) 2-558-6006 


* Field Application Assistance Available 
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Backing You Up with 
, Support, and Soiutions! 


We’re 

Products 

Signal Processing 

• Linear 

• Custom Linear 

• Data Conversion 

• Interlace 

• Analog Switches 

• Multiplexers 

• Filters 

• DSP 

• Telecom 

Power Products 

• Power MOSFETs 

• IGBTs 

• MCTs 

• Bipolar 

• Transient Voltage 
Suppressors 

• MOVs 

• Rectifiers 

• Surgectors 

• MLVs 

• Intelligent Discretes 


Intelligent Power 

• Power ICs 

• Power ASICs 

• Hybrid Programmable 
Switches 

• Full-Custom High 
Voltage ICs 

Military/Aerospace Products 

• Microprocessors and 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs 

• Discrete Power 

- Bipolar 

- MOSFET 

- IGBTs 

- MOVs 

ASICs 

• Full-Custom 

• Analog Semicustom 

• Mixed-Signal 

• ASIC Design Software 


Digital 

• CMOS Microprocessors 
and Peripherals 

• CMOS Microcontrollers 

• CMOS Logic 

Rad-Hard Products 

• Microprocessors and 
Peripherals 

• Memories 

• Analog ICs 

• Digital ICs 

• Discrete Power 

- Bipolar 

- MOSFET 

• ASICs 

• ESA see 9000 and 
Class S Screening 

Military/Aerospace Programs 

• Strategic and Space 
Programs 

• Military ASIC Programs 
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